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ABSTRACT OF DISSERTATION

MORPHOLOGY AND SYSTEMATICS OF BRACONID WASPS

The following morphological structures of the ovipositor of Homolobus truncator
(Say) (Hymenoptera : Braconidae) are described and hypotheses of their functions are
proposed: a series of sharp ridges on the distal surface of the notch helps maintain a grip
on the inner surface of the host cuticle; the sperone directs eggs away from the inner
surface of the ventral valves; a flap-like structure on each ventral valve covers the portal
through which eggs pass; the valvillus maintains position of the egg within the ovipositor
and acts against the egg to force it out; ctenidia on the inner surface of the ventral valves
move eggs along the basal half of the egg canal; recurved barbs at the apex of each
ventral valve hook into the inner surface of the host cuticle to maintain purchase while
the thick dorsal valve is inserted into the host.
The tribe Maxfischeriini (Hymenoptera : Braconidae) is emended to subfamily
status based on morphological and biological evidence. A novel egg morphology is
described for Maxfischeria, representing a new life history strategy among Braconidae.
Based on egg and ovipositor morphology, I suggest that Maxfischeria is a proovigenic,
koinobiont ectoparasitoid. Five new species of Maxfischeria are described (M. ameliae
sp. nov., M. anic sp. nov. M. briggsi sp. nov., M. folkertsorum sp. nov., and M.
ovumancora sp. nov.).
A phylogenetic analysis of morphological and molecular characters for the
braconid subfamily Euphorinae is presented. The results imply a revised classification
that recognizes 9 tribes and 44 genera. Proposed changes include: Meteorus and Zele are
recognized as Meteorinae. Planitorus and Mannokeraia are included among Euphorinae
and comprise the tribe Planitorini. Cosmophorini, Euphorini, Helorimorphini, Perilitini,
Leiophron, and Perilitus are redefined. The following synonyms are proposed:
Cryptoxilonini and Dinocampini with Cosmophorini; Myiocephalini and
Proclithrophorini with Perilitini; Myiocephalus with Microctonus; Bracteodes,
Falcosyntretus, Sculptosyntretus, Syntretellus, Syntretomorpha, and Syntretoriana with
Syntretus and are recognized as subgenera; Perilitus (Townesilitus) with Microctonus and
are recognized as a subgenus. Transitions in host associations are examined with
ancestral state reconstruction. Some ambiguous nodes in the reconstruction are
reconciled by examining the overlap in host associations.
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CHAPTER 1: Introduction
Braconid wasps are natural enemies of larval Coleoptera, Diptera, and
Lepidoptera. They have been used in the classical biological control of many pest
insects. Over 18,000 species of Braconidae are described; the majority of these species
lack any life history information. Estimates of braconid diversity vary between 3050,000 species (Dolphin and Quicke, 2001; Jones et al., 2009). Descriptions of new
species are building blocks that allow researchers to identify and attribute information
about the life cycles of these wasps. It is also important to have accurate classifications
to assist in the placement of newly described taxa and to infer biology from the known
biologies of closely related taxa. Morphology can also be used to infer unknown life
history, and taxa with similar morphology do not necessarily need to be closely related to
infer similar biological traits. My efforts have been to contribute to our understanding of
the natural history and diversity of braconid wasps through research on morphology and
systematics.
In the second chapter, the morphological features of the ovipositor of Homolobus
truncator (Say) are examined in detail. Many of the features found in H. truncator can
be found throughout the Ichneumonoidea, and it is likely that the explanations of function
apply to many other wasps with similar features. For the first time, an explanation is
presented for the function of a pre-apical notch on the dorsal valve. This notch functions
as a locking mechanism to ensure continual engagement with its host during oviposition.
A unique approach was taken to remove one of the three components of the ovipositor,
which allowed all of the structures within the egg canal to be examined in positions
relative to each other. This permitted the first functional explanations of the sperone and
the flaps on the ventral valves. The relative positions of these structures indicate that the
sperone directs the egg to exit the ovipositor from the flaps. The first images of an egg
exiting from these flaps are presented and support this explanation (see Chapter 2, Fig.
2C). The first images of undisturbed eggs within the egg canal provided evidence that
ctenidia push the egg through the egg canal (at least at the base), and that valvilli can hold
an egg in a “loaded” position (see Chapter 2, Figs 4E, F). This study also presented the
first explanation of how valvilli function during oviposition. While many of these
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structures have been named and in some cases surveyed across Ichneumonoidea, the first
explanation of how all these structures work together to deliver an egg is presented (see
Chapter 2, Fig. 8a-y). Also, a new structure was found at the base of the ventral valves; it
has the appearance of a reservoir that delivers fluids when there are eggs within the egg
canal. Though the function of the reservoir is speculative, a preliminary survey found
this feature present in other braconid wasps. This study sets the stage to survey a greater
taxonomic diversity for the morphology of ovipositors, and offers a hypothesis explaining
the concerted motions during oviposition.
The third chapter emended the genus Maxfischeria to subfamily rank. The
original description placed them within the Helconinae, although a later phylogenetic
analysis of the Braconidae showed them to be a monophyletic group outside of
Helconinae (Sharanowski, 2009). The work presented in chapter three provides
morphological evidence to support the emendation. Also, five new species were
described and a phylogenetic analysis of DNA resulted in a proposed set of relationships.
The unusual egg morphology of Maxfischeria ovumancora n. sp. was described and
compared to distantly related wasps with similar egg morphology. Species of
Maxfischeria are koinobiont ectoparasitoids, and possibly proovigenic.
The fourth chapter examined the classification of the braconid subfamily
Euphorinae from phylogenetic analyses of morphological and molecular data. The
Euphorinae are one of the most diverse subfamilies of Braconidae. Prior to this study, 53
genera and 1,117 species of Euphorinae were described. Results of the analyses
presented strong support for the reclassification of euphorine tribes and genera. The
ancestral state reconstruction of host associations inferred that the ground-plan host
association is parasitizing adult Coleoptera. Optimized reconstruction of the host
associations indicate that transitions from adult Coleoptera to other host orders occurred
once, with the exception of two independent transitions to parasitizing adult and nymphal
Hemiptera. In addition, the reconstruction of host associations implies the likely host
order of many genera that lack host information. This could guide future attempts to
determine the actual hosts. I see the lasting strength of this work will come from the
diversity of taxa included within this study. The morphological and molecular data from
this study should help future studies describe and accurately classify new taxa.
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CHAPTER 2: Structure and functional morphology of the ovipositor of Homolobus
truncator (Hymenoptera: Ichneumonoidea: Braconidae)

2.1 Introduction
Parasitic Hymenoptera utilize a diverse range of hosts that occupy a wide array of
microhabitats. This diversity is reflected in a variety of adaptations in ovipositor
morphology. Thus, ovipositor morphology can provide insights into host utilization and
life history. For example, Quicke (1991) noted that the dorsal and ventral valves of
Zaglyptogastra and Pristomerus varied in thickness along their length, giving the
ovipositor a sinuous appearance. This characteristic allows the ovipositor to bend with
differential relative positions of the dorsal and ventral valves. Quicke (1991) reasoned
that this bending allows the ovipositor to navigate through preexisting openings in the
host substrate in order to locate a host. Subsequent field observations confirmed this
hypothesis (Quicke and Laurenne, 2005).
An understanding of functional morphology allows for inferences of biology
when only morphology is known. For example, Belshaw et al. (2003) examined
ovipositor characteristics of numerous Ichneumonoidea with known biologies in order to
discover features that correlate with endo- or ectoparasitism. Based on these correlations
they predicted the mode of parasitism of taxa using morphological data. In some
instances, behavior can also be inferred from ovipositor morphology. Lenteren et al.
(1998) described the "ovipositor clip" on the dorsal valve of Leptopilina heterotoma
(Thompson) (Hymenoptera: Figitidae) and explained how it functions to restrain the host
during oviposition.
Here the morphology of the ovipositor of Homolobus truncator (Say) is described
and the function of numerous structures are speculated upon, viz., the pre-apical notch on
the exterior surface of the dorsal valve; the series of sharp ridges on the distal surface of
the notch; the internal longitudinal ridge, the sperone, on the dorsal valve; the flap-like
structure near the apex of each ventral valve; the internal hollow reservoir near the base
of each ventral valve; the ctenidia on the inner surfaces of the ventral valves; the internal
valve-like structure on each ventral valve, the valvillus; and the recurved barbs at the
apex of each ventral valve.
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Homolobus truncator is a nocturnal, koinobiont, endoparasitoid of numerous
species of exposed, lepidopterous larvae, primarily in the families Geometridae and
Noctuidae. Among its recorded hosts are a number of economically important
agricultural pests such as Agrotis ipsilon, Helicoverpa zea, Spodoptera exigua, and
Spodoptera frugiperda (Yu et al., 2004-present). H. truncator is found in all major biotic
realms except Australia (van Achterberg, 1979).

2.2 Material and Methods

All specimens of H. truncator used in this study were collected with Malaise traps
in Hardy County, Virginia, USA. Species were identified using the key in van
Achterberg (1979) and later confirmed by comparison with specimens of H. truncator
determined by van Achterberg.
Specimens were stored in 95% ETOH, and dissected in the same solution. For
SEM preparation, specimens were chemically dried using hexamethyldisilazane
(HMDS), following the protocol of Heraty and Hawks (1998), and then coated with gold
palladium. SEM images were taken with a HitachiS-800 scanning electron microscope.
The terminology used here follows Quicke et al. (1999). Comprehensive studies
of the hymenopteran ovipositor include Snodgrass (1933), Oeser (1961), Scudder (1961),
Smith (1970), and Quicke et al. (1992). The muscular mechanics of hymenopteran
oviposition were described by Vilhelmsen (2000).
The ovipositor is composed of a dorsal valve and paired ventral valves. The
dorsal and ventral valves interlock by a ‘tongue and groove’ system in which each ventral
valve has a longitudinal groove that interlocks with a pair of longitudinal rails (tongues)
that protrude from the ventral surface of the dorsal valve. The two ventral valves are
capable of sliding independently along the length of the rails of the dorsal valve (Fig.
1C). The ‘tongue and groove’ system is properly termed the olistheter mechanism.
Together, the internal concave surfaces of the dorsal and ventral valves form the egg
canal (Fig. 1C, E). These same features are ubiquitous throughout Hymenoptera with
only rare exceptions.
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2.3 Results and Discussion

2.3.1 Ovipositor morphology of Homolobus truncator (Figs 1A, B, D, E, 2A-E, 3A-F,
4A-F, 5A-F)

The ovipositor of Homolobus truncator is short (Fig. 1A) and relatively thick and
rigid except near the apices of the ventral valves (Fig. 2D, E). The dorsal valve is blunt
(Fig. 1B) and contains a pre-apical notch. Immediately basal to the notch, the dorsal
valve thickens to approximately twice the diameter of any point more distal (Fig. 1B, E).
There are many sensory structures in this area (Figs 1B, 3E, F), which appear to be
campaniform tactile sensillae (Fig. 22, ‘SC’ in Quicke et al., 1999). The remainder of the
dorsal valve gradually increases in diameter basally.
The distal surface of the pre-apical notch has a series of sharp ridges (Fig. 3A, B).
The scarp (acute) surface of each ridge is directed anteriorly. Although the ridges were
not quantified, the peak-to-peak separation of the ridges is approximately 1µm, and the
peak-to-valley height is a few hundred nanometers.
The pre-apical notch is widespread in Ichneumonoidea. It is clear that at least
some occurrences of the ovipositor notch are convergent. Braconid subfamilies where
the pre-apical notch is commonly or universally present are: Amicrocentrinae,
Charmontinae, Euphorinae, Helconinae, Homolobinae, Macrocentrinae, Meteorinae,
Microtypinae, Orgilinae, and Xiphozelinae. Presence of a pre-apical notch is rare in the
braconid subfamilies Cardiochilinae and Cenocoeliinae. When present in the
Cenocoeliinae, the notch is very shallow. The frequency of the pre-apical notch in
Aphidiinae and Blacinae is unknown; in both subfamilies there are species with and
without the pre-apical notch but I have not surveyed sufficiently to provide reasonable
estimates. The shape of the pre-apical notch in Aphidiinae is fundamentally different in
that it is not a simple indentation but rather the depressed area is relatively quite long.
Many, or perhaps most, Alysiinae have a structure that appears much like a pre-apical
notch which may even function in certain aspects like those of the aforementioned
braconids. In members of the Alysiinae, the tip of the dorsal valve is swollen and the
diameter decreases rapidly; however this decrease in diameter remains relatively constant
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toward the base, though it gradually thickens. The structure at the apex of the dorsal
valve in Alysiinae may be a modified nodus. I was unable to find a pre-apical notch in
any ichneutine genera including Ichneutes, although Rahman et al. (1998, char. N) coded
the pre-apical notch present for Ichneutinae (Ichneutes sp.). Ichneumonid subfamilies
where the pre-apical notch is commonly or universally present are: Anomaloninae,
Banchinae, Campopleginae, Cremastinae, Ctenopelmatinae, Neorhacodinae, Ophioninae,
Oxytorinae, Tatogastrinae, and Tersilochinae (David Wahl, pers. comm.).
Approximately half of the genera in Metopiinae and Orthocentrinae possess a pre-apical
notch. However, the notch tends to be shallow to moderately shallow when present.
Although most members of Stilbopinae do not possess a pre-apical notch, it can be found
in Notostilbops fulvipes Townes.
Almost all ichneumonoids with a pre-apical notch are endoparasitoids of larval
holometabolous insects. The majority of these ichneumonoids attack Lepidoptera, but
some attack larval Diptera or Coleoptera. Exceptions to these generalities can be found
in many genera of Euphorinae that are endoparasitoids of adult insects. The presence of a
pre-apical notch is not constrained by ovipositor length; it is found in species with long
ovipositors that probe deep into substrates such as wood and leaf-rolls, as well as in
species with short ovipositors that oviposit directly into exposed hosts. A pre-apical
notch was not observed in any ectoparasitoids. A pre-apical notch was absent in all
braconid cyclostome subfamilies, except for some Aphidiinae. A pre-apical notch was
not detected in any of the following non-cyclostome subfamilies: Adeliinae, Agathidinae,
Cheloninae, Ichneutinae (however see Rahman et al., 1998, char. N), and Sigalphinae.
The endoparasitoid subfamilies Agathidinae and Sigalphinae are peculiar amongst the
Braconidae in that they deposit the egg in a ganglion of the host (Shaw and Quicke,
2000) and therefore very precise deposition is necessary. Members of Cheloninae, which
oviposit in the eggs of their hosts and emerge from the larvae, do not have a pre-apical
notch, and this may be true for all egg-larval ichneumonoid parasitoids, though a detailed
survey has not been conducted. Within the Ichneumonidae, some Stilbopinae (Stilbops
spp.) are egg-larval parasitoids, and these species also lack a pre-apical notch. Only one
species of Stilbopinae, Notostilbops fulvipes, have a pre-apical notch and the biology of
this rare species is unknown. It is unreasonable to assume that N. fulvipes is an egg-larval
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parasitoid since other Stilbopinae (Panteles schnetzeanus (Roman)) are endoparasitoids
of Lepidoptera larvae (Quicke, 2005).
There is a well-developed sperone, an internal median longitudinal ridge, near the
apex of the ventral surface of the dorsal valve (Figs 1D, 3A, C, D). The sperone begins
immediately basal to the pre-apical notch and is most pronounced near the apex of the
dorsal valve where it projects into the egg canal. Rahman et al. (1998, characters O, P)
surveyed the distribution of the sperone and pre-apical notch in the Braconidae, as did
Quicke and Belshaw (1999, chars. 52, 53). These studies reported that a sperone is
present in many non-cyclostome Braconidae, as well as in the ichneumonid Xorides.
Both studies demonstrated an association between the pre-apical notch and the sperone in
that all taxa with a pre-apical notch also had a sperone. However, a sperone may be
present in the absence of a pre-apical notch, e.g., Trioxys pallidus (Haliday 1883).
The two ventral valves of H. truncator narrow toward the apices and are sharply
pointed. Each valve has a small series of recurved barbs near the apex (Fig. 2D), which
are ubiquitous across Hymenoptera. On the outer (ventral surface), there is a flap-like
structure on each valve, immediately basal to the apex (Fig. 2A) and mesal to the barbs.
Rahman et al. (1998, character N) examined the distribution of the flap-like seal within
the Braconidae and found it absent in all cyclostome taxa and present in the majority of
non-cyclostome braconids. The non-cyclostome braconids coded by Rahman et al.
(1998, character N) as absent and were examined and this feature was present in Eubazus
(Fig. 6A), Macrocentrinae (Fig. 6C), and Euphorinae (Fig. 6B). The subfamilies
Microgastrinae (Fig. 6D) and Meteorinae (Fig. 6E) appear to be the only non-cyclostome
subfamilies without flap-like structures on the apex of the ventral valves, however denser
taxon sampling is needed to make a firm conclusion. Other microgastroid subfamilies
and Euphorinae genera have the flap-like structure present. These flap-like structures are
a putative synapomorphy of the non-cyclostome Braconidae.
The ventral valves quickly increase in diameter and then remain relatively
constant in diameter toward their bases. The surface of the egg canal of most
hymenopterans and many other insects is covered with scattered ctenidia or scales that
are set almost flat against the surface with the basal end attached and the distal end free
(Austin and Browning, 1981; Rahman et al., 1998; Smith, 1968). In specimens of H.
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truncator the ctenidia are absent from the dorsal valve except for a small number present
on the sperone. The ctenidia on the ventral valves are scattered over most of the inner
surface, except near the apex where they are absent medially and concentrated
marginally, where they are longer and less rigid (Figs 2E, 4A). The egg canal narrows
considerably near the apex of the ovipositor.
Internally, near mid-length, each ventral valve has one chitinous valvillus (Fig.
4A-E). The valvilli rotate over a 90˚ arc; from perpendicular to the egg canal axis to
parallel with the axis and directed apically. The ovipositor valvilli have no intrinsic
musculature, therefore the movement of the valvilli is controlled by the relative motion of
the valves and perhaps by fluid pressure in the egg canal. Each valvillus is margined by a
narrow but dense fringe (Fig. 4B). The valvillus is deeply imbedded within the wall of
the egg canal, and immediately apical to the valvillus the egg canal is excavated to allow
the valvillus to lay flat when it is in the open position (Fig. 4C). When a valvillus is in
the closed position, blocking the egg canal, it appears to be of a shape and size capable of
sealing the egg canal (Fig. 4C, D)
An internal, excavated reservoir near the base of each ventral valve (Fig. 5A-D) is
described here for the first time. It is approximately 170 μm long, 20 μm wide at the
base, and it tapers to a point apically. It appears to be about as deep as it is wide (Fig.
5A, B). A preliminary survey of braconid subfamilies found this feature to be present in
Blacinae (Fig. 5E), Helconinae (Wroughtonia sp.), Homolobinae, Meteorinae (Zele sp.),
and Macrocentrinae (Austrozele sp.) (Fig. 5F). The reservoir is well developed in
Homolobus and least developed in Wroughtonia and Zele. A reservoir was not found in
the Agathidinae, Braconinae, Doryctinae, Rogadinae, or Campoletis sonorensis
(Ichneumonidae). The reservoir may represent a synapomorphy for a subset of noncyclostome braconids, but obviously more taxon sampling is needed to test this idea.

2.3.2 Functional Morphology of the Ovipositor of H. truncator

Hypotheses on the functions of various ovipositor structures are based on careful
examination of morphological structures. Direct observations are difficult because most
of the events that are postulated take place inside the host or inside the ovipositor. The
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strengths, and weaknesses, of the hypotheses are based primarily on their explanatory
power, i.e., their power to explain the morphology of the observed structures in a
parsimonious and logical manner. In some cases arguments may be convincing, and in
other cases arguments are more speculative.
In the following paragraphs hypotheses on the oviposition process in H. truncator
are broken down into four phases: penetration of the host cuticle, locking mechanism,
egg movement, and egg-laying and ovipositor withdrawal. A concise overview is
presented in the next paragraph and illustrated in Fig. 8. In Fig. 8, the host cuticle is
represented by a horizontal black line. The dorsal valve is light grey and on the right.
There are two ventral valves, one is light grey and in the foreground, the other is dark
grey and in the background. The arrows on the left indicate the movement of the ventral
valves; the color of the arrow indicates the movement of the dark grey ventral valve, the
light grey ventral valve, or both. An arrow on the right indicates movement of the dorsal
valve. In Fig. 8F, the dark grey ventral valve moves upward as indicated by the dark grey
arrow; this movement is visually obstructed by the light grey ventral valve in the
foreground because the dark grey ventral valve is in the background. This visual
obstruction also occurs in Fig. 8M, N, Q, and R. The valvilli are represented by
horizontal ovals, where the dark grey valvillus is attached to the dark grey ventral valve
and the light grey valvillus is attached to the light grey ventral valve. When the valvillus
is represented by a thin oval, the valvillus is in a closed position that blocks the egg canal.
When the valvillus is represented by a large oval, the valvillus is in an open position that
allows movement through the egg canal. In Fig. 8H, venom enters the egg canal, which
is represented by the color yellow. The egg is represented by the white, vertical oval. In
Fig. 8O, the egg begins to exit the ovipositor from a flap on the ventral valve. In Fig. 8R
the egg is visually obstructing the flap.
Before a host is encountered, the egg is positioned near the tip of the ovipositor
(see later). It is held in place basally by the valvilli and apically by the narrow apex of
the egg canal and the sperone, which blocks the aperture of the egg canal. The tip of the
ovipositor comes into contact with the host cuticle with all three valves aligned apically
and flush with the surface of the host cuticle (Fig. 8A). The sharp ventral valves
penetrate the host cuticle (Fig. 8B, C) to a depth sufficient to create a relatively large
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wound (Fig. 8D, E). The ventral valves are then partially withdrawn to the point where
their sharp barbs engage the internal surface of the host cuticle (Fig. 8F). At this time the
blunt dorsal valve is pushed into the newly formed wound. The dorsal valve enters the
host until the pre-apical notch slips onto the host integument (Fig. 8G, H). The ventral
valves are then reinserted and egg-laying is effected with a series of alternating thrusts of
the ventral valves (Fig. 8I-T). Although the egg is positioned at the apex of the
ovipositor by movement of the ventral valves and the gripping force of the ctenidia, it is
possible that once the egg is past the valvilli, further movement of the egg is facilitated
by the valvilli pushing venom against the egg. On its way to the ovipositor apex, friction
of the egg against the sperone forces the egg through the flaps in the ventral valves (Fig.
8O-Q). As the egg emerges from the ovipositor, elastic energy stored in the chorion
provides additional force to help move the egg out of the ovipositor (Fig. 8R, S).

Phase 1: Ovipositor penetration of the host cuticle
The dorsal and ventral valves contact the host cuticle in unison with an egg
positioned near the tip of the ovipositor (Fig. 8A). Contact with either one of the valves
independently would cause unnecessary risk of fracturing one of the valves as both
appear to be relatively fragile by virtue of their small cross-sectional area and barbs
which act as stress raisers. The sharp ventral valves then penetrate the host (Fig. 8B, C)
and are pushed deeply into the host to create a wound sufficiently large to facilitate entry
of the relatively blunt dorsal valve (Fig. 8D-H). This explains the sharp points of the
ventral valves and the rapid increase in the diameter of the ventral valves near the apex.
It is uncertain if the ventral valves thrust in unison or in opposition; video of wood-boring
ectoparasitic Ichneumonidae shows the ventral valves moving in opposition (Skinner and
Thompson, 1960). For this reason, Fig. 8 shows the ventral valves thrusting in
opposition, however it is not beyond reason that the ventral valves move in unison. One
exception is shown in Fig. 8F where the ventral valves are withdrawn in unison. This is
necessary to prevent damaging the egg (see below). After penetration, the ventral valves
would be withdrawn to the point where the recurved barbs hook onto the inner surface of
the host cuticle (Fig. 8F). At this point the wound is much larger than the diameter of the
apical portion of the ventral valves that occupy it, thereby leaving room for the thick
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dorsal valve to enter. If the ventral valves were deeply inserted while the blunt dorsal
valve was entering the host, the resulting wound would be excessively large and this
would impede the effectiveness of the locking mechanism (see below).

Phase 2: Locking mechanism
Belshaw et al. (2003) stated that the “pre-apical notch in the upper valve is
tentatively assumed to be associated with moderating penetration of the host cuticle…”
(p. 217) and van Veen (1982) observed that the ovipositor of Banchus femoralis
Thomson is inserted into the host cuticle no further than the notch. Little else has been
mentioned in the literature concerning this ubiquitous modification of the ovipositor.
There appears to be at least two functions of the notch; it is part of a temporary locking
mechanism that ensures continuous engagement with the host during oviposition, and in
agreement with van Veen (1982), it facilitates the correct depth of ovipositor penetration.
After initial penetration, the dorsal valve is pushed into the host until the host
cuticle comes in contact with the base of the notch (Fig. 8G, H). This region is covered
in campaniform sensillae (Fig. 3E, F) which presumeably signal the wasp to stop
thrusting the dorsal valve. After the cuticle of the host slips onto the notch on the dorsal
valve, the ventral valves are pushed further into the host to a point where the thick section
of the ventral valves align across from the dorsal notch (Fig. 8I-L). At this point, the
notch, and all other surfaces of the ovipositor, would be pressed firmly against the host
cuticle, effectively locking the ovipositor into the host. During oviposition the ventral
valves move in opposition to one another to effect movement of the egg (see below).
During this activity the pressure between the exoskeleton of the host and the ovipositor
remains constant because the diameter of the parts of the ventral valves that come into
contact with the host cuticle is uniform (Fig. 8K-N). During the process of locking into
the host cuticle, Fig. 8E, F, it seems that the ventral valves must be withdrawn in unison,
either directly or indirectly through abdominal movement. If the ventral valves withdraw
in opposition to each other in Fig. 8E, F, their ctenidia would resist proximal movement
of the egg toward the valvilli. If the ventral valves move in unison, the egg would remain
supported by the ventral valves. Since the dorsal valve lacks ctenidia proximal to the
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notch, movement of the ventral valves in unison would not damage or cause distal
movement of the egg.
Sharp transverse ridges are located over the distal surface of the pre-apical notch
(Fig. 3A, B). This is the area of the dorsal valve in contact with the inner surface of the
host cuticle. The sharp surfaces of the ridges face anteriorly and appear to be able to
efficiently grip the inner surface of the host cuticle by creating numerous shallow
penetrations. The sharp ridges and the resulting reduction in contact area would result in
greater traction to be applied to the inner surface of the host’s cuticle, much like the jaws
of a pipe wrench. A systematic survey across the Ichneumonoidea for this feature has not
been conducted yet.
Quicke et al. (1999) speculated that the pre-apical notch might be a point of
articulation, “as if the tip might be able to hinge upwards, perhaps to assist exit of the
egg.” (p. 204). There are several reasons why this is not likely to be the case in H.
truncator. First, this scenario necessitates that the olistheter mechanism be derailed and
it is hard to imagine a method to re-couple the interlocked dorsal and ventral valves (Fig.
1C), especially if they are not parallel to each other. Secondly, the idea lacks explanatory
power in that if the dorsal and ventral valves were not in contact during oviposition it
fails to explain the function of the sperone and the flaps near the apices of the ventral
valves (see below)

Phase 3: Mechanism of egg movement along the egg canal
Ctenidia on the surface of the egg canal in Hymenoptera and other insects are
thought to act like stiff brushes to grip and push the egg down the canal and to prevent
backward movement of the egg. In his study of the common black field cricket, Gryllus
assimilis (Fabricius), Severin (1935) observed a direct correlation between alternating
valve thrusts and movement of the egg through the ovipositor. Austin and Browning
(1981) confirmed that the alternating action of the valves is responsible for egg
movement in the gryllid Teleogryllus commodus (Walker) by directly manipulating the
valves of anaesthetized specimens with fine forceps. It has also been shown that the egg
is moved down the canal with alternating thrusts of the two ventral valves in some
Hymenoptera. Cole (1981) observed specimens of the ichneumonid parasitoid Itoplectus
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maculator (Fabricius) ovipositing into the lepidopterous hosts Galleria mellonella
(Linnaeus) and Ephestia kuehniella (Zeller). He noted that the ventral valves moved
rhythmically back and forth after the ovipositor was inserted into the host. He also
demonstrated that the egg must move down the egg canal after the ovipositor was
inserted into the host because the parasitoids were capable of selecting the sex of their
offspring, an action that logically follows contact and assessment of the host with the
ovipositor.
The ctenidia of H. truncator are involved in egg movement in the basal half of the
egg canal. Fig. 4E shows an egg of a specimen of H. truncator positioned near the base
of the egg canal. The surface of the egg is marked with indentations and small scars
caused by contact with ctenidia. To create these scars, ctenidia of the ventral valves must
have been firmly imbedded into the surface of the egg and any apical movement of the
valves would necessarily result in a corresponding movement of the egg.
The fact that many aculeates (e.g., Fig. 7C, D) have ctenidia on some parts of the
inner surface of the sting suggests that, at least for these species, the ctenidia have
functions other than gripping and pushing eggs. The diverse morphology of ctenidia
across Hymenoptera also implies multiple functions. Besides moving eggs along the egg
canal, the ctenidia may also decrease friction by aiding lubrication. Ctenidia may also
help to maintain a minimal amount of liquid in the egg canal. When one ventral valve
moves apically relative to the other ventral valve, the valvillus of the former rubs against
the inner surface of the latter. If the walls lacked ctenidia, all liquids, some of which may
have a lubricating function (Bender, 1943; Robertson, 1968) would be scraped away. It
stands to reason that the small separation of the ctenidia from the egg canal wall could
acts as a miniscule fluid reservoir whereby wetting of the fluid into the gap would result
in some fluid retention surrounding the ctenidia, thus improving lubricity. Conceivably,
this would make it easier for eggs to pass by decreasing frictional forces against the egg
canal wall via the action of lubricating fluid. In the “venom canal” of Vespa crabro
Linnaeus, thick ctenidia similar to those found in the egg canals of parasitoids are found
only on the dorsal valve (Fig. 7C, D). Further research is necessary to test these
conjectures.

14

Although there is convincing evidence showing that ctenidia, in conjunction with
alternating thrusts of the ventral valves, move the egg along the basal portion of the egg
canal, the valvilli may assist movement of the egg in the distal half of the egg canal.
Ichneumonoids and aculeate Hymenoptera are unique among Hymenoptera in that many
members possess valvilli (Figs 4A-F, 7A, B). These are valve-like structures in the
ventral ovipositor valves that are able to block the egg canal; in the ichneumonoidea there
are typically one pair per ventral valve but there may be as many as 5, as for example in
Wroughtonia sp. (Fig. 6F). Because the aculeate sting does not function as an egg-laying
device, the valvilli of aculeates are almost certainly employed as valves to pump venom
into their hosts and/or potential predators (Janet, 1898; Marle and Piek, 1986; Snodgrass,
1925; Snodgrass, 1956). Rogers (1972), in his study of the ichneumonid endoparasitoid
Venturia canescens (Gravenhorst 1829), suggested that the valvillus functions to
maintain the egg in place near the apex of the ovipositor. Quicke et al. (1992), noting the
different uses of the ovipositor in aculeates and parasitoids, suggested that valvilli may
have different functions in the two groups; presumably they meant egg positioning in
parasitoids and venom injection in aculeates.
Figure 1E shows the ovipositor of H. truncator with the right ventral valve
removed. Two eggs are visible in the egg canal. One is situated basally and the other is
positioned near the apex with its basal end abutting the valvillus and its distal end
aligning with the notch on the dorsal valve and the point where the ventral valve narrows.
This could be the typical position of an egg ready for oviposition. I dissected numerous
ovipositors of H. truncator and, with few exceptions an egg was present in this apical
position. One exception is illustrated in Figures 2C and 2D, where the apical end of an
egg may be seen extruding from the flap-like structures near the apex of the ventral
valves. The "loaded" egg position is undoubtedly obtained with alternating thrusts of the
lower valves in conjunction with friction provided by the apically directed ctenidia. In
agreement with Rogers (1972), it appears that one function of the valvillus in H.
truncator appears to be to lock the egg into this loaded position. This is clearly not the
case in all ichneumonoids, because, as mentioned previously, Cole (1981) showed that
the egg of Itoplectus maculator must move down the entire length of the egg canal after
the ovipositor is inserted into the host. If the explanations above are both correct, then it
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reasons that the sex of the eggs of H. truncator is determined before contact with the
host, unlike that of I. maculator.
The phylogenetic positions of Aculeata and Ichneumonoidea among the apocritan
Hymenoptera are controversial; however they are usually thought to be sister-groups
(Dowton et al., 1997; Rasnitsyn, 1988; Ronquist et al., 1999). The putative
morphological synapomorphies supporting this relationship are the shape of the
metasomal-propodeal articulation and the presence of valvilli (Mason, 1983; Rasnitsyn,
1988). The presence of valvilli is clearly ground-plan for both taxa. The function of the
valvilli of aculeates is to push fluids, and without evidence to the contrary, it is
parsimonious to assume the same function for members of Ichneumonoidea. The fluids
injected by H. truncator are unknown to us, but typically braconid endoparasitoids inject
substances that control the immune response of their hosts (Vinson and Iwantsch, 1980).
Braconid ectoparasitoids usually inject paralyzing venom and have highly muscled
venom glands, whereas braconid endoparasitoids only rarely paralyze prey and have
relatively weakly muscled, thin walled, venom glands (Edson and Vinson, 1979).
Though it may be possible that ectoparasitoid braconids pump venom with muscular
contractions of the venom gland, the weak musculature of the venom glands of
endoparasitoids implies that other mechanisms are employed to deploy venom.
Once the egg is in the loaded position (Fig. 1E), more force would be needed to
move the egg due to the bottle-neck formed by the relatively narrow apical section of the
ovipositor. The valvillus would seem to have a role in forcing the egg out of the
ovipositor and this is accomplished through hydrostatic pressure. The valvillus by itself
is not capable of pushing the egg any further than the position shown in figure 1E. To
force the egg completely out of the ovipositor, the lower valve would have to be pushed
to a point where the valvillus is aligned with the tip of the dorsal valve. I have never seen
an ovipositor in this position and believe it to be impossible in an intact system. Liquid
from the venom gland would be moved into the egg canal; the valvilli then prevent
proximal fluid flow (acting like check valves which allow flow in only one direction).
Distal movement of either ventral valve results in hydrostatic pressure that forces the egg
distally. The convex-apical shape of the valvilli also suggests that they act as one-way
valves. Any pressure on the apical side of a valvillus will flatten it and create a larger
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radius of curvature and hence transmit more sealing pressure against the wall of the canal
(much like a water dam on a river), whereas any pressure on the proximal side of a
valvillus will deform the shape to a smaller radius of curvature and hence result in the
loss of seal between the valvillus and the canal wall.
When a ventral valve is pulled back, its valvillus is flush with the wall of the egg
canal (Figs 4B, 8G). When a ventral valve is pushed apically, the valvillus closes the egg
canal and pushes against any liquids apical to it (Figs 4D, 8K-L). The hydrostatic force is
applied to eggs in the apical or loaded position. This action would create negative
pressure in the portion of the egg canal basal to the valvillus, which would cause more
fluid, and perhaps the next egg to be drawn into it. A problem with this simple scenario
is illustrated in figure 1E, where there appears to be an egg obstructing the base of the
egg canal. To circumvent this blockage, which was observed in most specimens, there is
a reservoir at the base of each ventral valve (Fig. 5A-D). It is possible that when a
ventral valve is pulled back and while the opposing valve is being pushed forward and
creating negative pressure in the egg canal, the reservoir fills with venom and forms a
conduit through which fluids flow into more apical parts of the egg canal (Fig. 8H-T). A
preliminary survey found basal reservoirs, similar to those found in H. truncator, present
in the following taxa: Blacinae (Fig. 5E), Helconinae (Wroughtonia sp.), Homolobinae,
Macrocentrinae (Fig. 5F), Orgilinae, Meteorinae (Zele sp.), and absent in Agathidinae,
Braconinae, Doryctinae, Rogadinae, and Campoletis sonorensis (Ichneumonidae). This
distribution indicates that this feature evolved within the non-cyclostome endoparasitoid
lineage of Braconidae. Another possibility that may act in concert with the reservoirs is
that fluids run through the medial portion of the egg at the base of the egg canal. Figures
4E, 5C, D illustrate an egg in the basal position and a medial divide is present in the egg
that could facilitate the apical displacement of fluids. Congealed fluid is present in the
basal area of the egg (Fig. 5C, D). In my dissections, numerous specimens had eggs
positioned at the base and all showed the medial division.
The venom gland of Homolobus truncator is relatively large (Fig. 2B). The point
in time when venom enters the egg canal during oviposition is uncertain. It is reasonable
that venom would not be used to push the egg out of the egg canal until after the
ovipositor has locked within the host (Fig. 8H). Once the ovipositor has locked into the
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host cuticle, alternating thrusts of the ventral valves would pull fluid apically, and then be
used as a pressurizing medium to push the egg out of the egg canal.
Evidence supporting or consistent with the hypothesis that the valvilli push fluids
in the ovipositor of H. truncator thereby creating hydrostatic pressure that forces the egg
out of the terminal portion of the egg canal are enumerated here. 1) The common
ancestor of the Ichneumonoidea and Aculeata undoubtedly laid eggs through the length
of the ovipositor and it is clear that the function of the valvilli in the Aculeata is to inject
fluids. That the valvilli had the same function in the common ancestor of these two taxa
implies that at least in the ground plan of the Ichneumonoidea the valvilli function to
produce fluid pressure. 2) As noted earlier, members of Itoplectus maculator do not load
their eggs apical to the valvilli (Cole, 1981). This indicates that they have a function
other than positioning eggs in this species and undoubtedly in many other ichneumonoid
taxa. 3) As described in the morphology section, valvilli are set deeply into the wall of
the egg canal. This allows them to lay flush against the wall when they are open, but it
also lends them support when they are functioning to close the canal (Fig. 2C, D).
Figures 4C and 4D show that a single valvillus can completely close the egg canal with
the margin of the valvillus supported by the thick wall of the egg canal. The valvilli
would have to be strong to produce the hydrostatic pressure necessary to evacuate an egg
quickly and the brace formed by the wall of the egg canal could provide the needed
support. 4) The valvilli of H. truncator, and most other ichneumonoids investigated
(Quicke et al., 1992), have a bordering fringe composed of short, thick, setae-like
material (Fig. 7A). This would appear to be an effective, flexible seal for the area of the
valvillus that contacts the wall of the egg canal. If the role of valvilli were simply to hold
eggs in place it is unlikely that such a seal would be necessary. 5) Members of
Wroughtonia sp. and many other ichneumonoids have multiple valvilli on each ventral
valve (Fig. 6F). The spaces between these valves are not sufficient to enclose an egg and
therefore all but the most apical valvilli must have a function other than holding an egg in
place. 6) To be effectively pushed out of the egg canal with hydrostatic pressure, the
basal surface of the egg of H. truncator must completely seal the egg canal. Any fluid
escaping to the lateral surface of the egg would be counterproductive, not only because it
would be a waste of venom, but also because it would press the lateral surface of the egg
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against the wall of the egg canal thereby increasing frictional forces and making it more
difficult to move the egg. Figures 5B and 5C show such a seal on the apical end of the
egg of H. truncator. It is not clear if there are special structures on this end of the egg or
if it is simply plastic enough to take the form of the egg canal. 7) The apical portion of
the inner wall of the ventral valve of H. truncator is mostly smooth (Fig. 2E); the ctenidia
that are present are long, flexible and restricted to the edges of the valves. Clearly they
cannot function to push eggs in this area.
Evidence presented earlier showed that ctenidia are capable of moving eggs
through the basal portion of the egg canal, so the question of why there is another
mechanism acting at the apex is an important one to address. I suggest that the primary
reason, in H. truncator, is to facilitate rapid expulsion of the egg. Even at the base of the
ovipositor the surface of the egg is scarred by the forces applied by the ctenidia (Fig. 4E,
F). The surface of the egg of H. truncator is soft and pliable as indicated by its distortion
as it passes through the egg canal (Fig. 5C, D) and the ctenidial scars (Fig. 4F). Adult
females of H. truncator attack active exposed Lepidoptera larvae and the shorter the
period of contact with them the less likely it would be that the host would be able to
escape or inflict damage. There are no published observations of the oviposition speed
for H. truncator known to us. However the ovipositor of the ichneumonid endoparasitoid
Venturia canescens is similar in that it has a pre-apical notch on the dorsal valve. Rogers
(1972) reported observing that oviposition in V. canescens takes a "fraction of a second".
It is speculated that if ctenidia were employed to force an egg quickly out of the egg
canal that the ctenidia and/or the surface of the egg would be subject to tearing. Near the
apex of the egg canal, the egg is tightly packed into a small space that becomes
increasingly narrow. The force needed to move an egg is greater here than it would be at
the base of the egg canal. The need for a quick delivery of the egg and the greater
frictional forces in the apical part of the egg explain the advantages of using hydrostatic
pressure.

Phase 4: Egg laying and ovipositor withdrawal
There is a longitudinal ridge, the sperone, on the inner surface of the dorsal valve
(Fig. 3A-D) (Rahman et al., 1998; Zinna, 1960) and I propose that it plays a role in egg
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evacuation. The sperone was first described by Zinna (1960) for a similar structure found
in some chalcidoids and its distribution within the Braconidae was enumerated by
Rahman et al. (1998). To date no function has been proposed for the sperone and it is
possible that this varies among taxa. For members of H. truncator I suggest that it
functions as a substrate that forces the egg to exit from flaps situated near the apex of the
ventral valves (Fig. 2C). The sperone begins as a shallow ridge basal to the pre-apical
notch and gradually increases in height as it approaches the apex of the dorsal valve to
the point that it occupies most of the lumen of the egg canal. Figure 3A shows the apex
of the dorsal valve in lateral view; the ventral surface of the sperone is visibly bulging out
such that, if the ventral valve were not retracted, the sperone would occupy most of the
dorsal side of the egg canal as well. Figures 1D and 2C show that the part of the sperone
that is most produced is situated directly opposite the flaps of the ventral valves. I
suggest the following scenario for the final egg laying stage in H. truncator. When the
apex of the egg hits the sperone it is pushed toward the ventral surface of the egg canal
and when it reaches the ventral flaps it is pushed out through the flaps (Figs 2C, D, 8OQ). A reviewer of an early draft of this paper suggested that the flaps could function as a
seal to contain venom. After examining additional specimens, I found one instance of the
egg partially exiting the ovipositor from the ventral valve flaps (Fig. 2C, D).
Furthermore, if the sole function of the flaps were to seal venom, one would expect them
to be present in aculeate taxa. I examined specimens of Scoliidae, Chrysididae,
Rhopalosomatidae, Vespidae, Sphecidae, Halictidae, and Megachilidae under a scanning
electron microscope and none possesses flaps at, or near, the apex of the ventral valves.
Furthermore, since the eggs of H. truncator are loaded at the tip of the ovipositor they
effectively block any fluids from escaping. Finally, the flaps are relatively thin and
flexible and they lack muscle; it seems that little pressure need be exerted on them to
cause them to open. In the closed position the flaps would provide a weak seal that
would prevent evaporation of the little fluid remaining on the surface of the egg canal
while the next egg moves into the loaded position.
The eggs are elongated when they are compressed in the egg canal (drawn to scale
in Fig. 8A-P) and it would undoubtedly require multiple alternating thrusts of the ventral
valves to effectively evacuate the entire egg. Since fluids fill the contents of the egg
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canal between the valvilli and the base of the egg, these too would flow out of the flaps
following oviposition.
As the egg emerges from the ovipositor, elastic strain energy stored in the chorion
provides additional force to assist egg evacuation from the ovipositor (Fig. 8Q-T).
Assuming that the chorion does not undergo any molecular restructuring during
oviposition and that it has not undergone appreciable plastic deformation throughout its
volume, it can be assumed that it is purely elastic. As such, the initial energy required to
deform the egg, to allow passage through the egg canal, will be returned in full. The
relaxed shape of the eggs has a larger degree of sphericty (lower surface area) than does
the deformed shape in the canal, thus the amount of elastic strain energy stored in the
chorion is proportional to the change in the sphericty (i.e., change in surface area). In the
egg canal the egg is constrained in an exaggerated elongated shape (metastable state) and
upon emergence from the canal the constraint is removed and the relaxed shape of the
egg is attained, which is more stable and more spherical. The stored elastic strain energy
is returned when the egg exits the canal to attain its stress free shape; the elastic strain
energy is a strong driving force for egg extraction. As the egg first emerges from the
flaps in the lower valves the egg expands in the radial direction, and contracts in the axial
direction (Fig. 8Q-T). The shape change, in particular the axial contraction, assists egg
extraction. Upon emergence the egg’s diameter increases, so the contractile force of the
chorion returning to its original stress-free state pulls the remainder of the egg out of the
canal, much like a siphon. Undoubtedly a suction force occurs within the egg canal
which could draw other eggs or fluid apically in the canal. A video demonstration of this
phenomenon can be seen in the oviposition of Rhyssella curvipes (Gravenhorst) and
Pseudorhyssa alpestris (Holmgren) (Skinner and Thompson, 1960). Fig. 8Q-Y depicts
an approximation of the size and shape of an egg exiting the egg canal, as the exact
dimensions of the egg upon exiting the ovipositor is unknown. The apical narrowing of
the egg canal also reveals that a larger back pressure will exist just before the apical end
of the egg reaches the flaps, preventing the egg from slipping out unnecessarily; more
energy will be required to deform the egg through the smaller opening, hence the egg
would tend to relax by moving distally. The valvilli play an important role here to prevent
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back flow, as does the higher number density and distribution of ctenidia at the apical end
of the ventral valves and flaps (Fig. 2E).
Withdrawal of the ovipositor from the host would necessarily begin with the
ventral valves (Fig. 8S). Once the apices of the ventral valves are recessed to a point
where they are near the notch of the dorsal valve (Fig. 8S-V), the surface of the
ovipositor would no longer be pressed against the host cuticle and the entire ovipositor
could be withdrawn without resistance (Fig. 8W-Y). The shallow angle of the pre-apical
notch facilitates easy extraction; it permits only a small axial force in opposition to
withdrawal and actually helps to disengage the dorsal valve from the host cuticle as
compared to a recurved barb which would hold fast (Fig. 1B).
I wish to reiterate the point that I have proposed hypotheses not facts. It is my
hope that the ideas presented here will stimulate future research that will hopefully result
in corroboration, but perhaps refutation, of these hypotheses. Of greatest interest is the
function of the valvilli. They show great variability in form, location, and number
throughout the Ichneumonoidea, and an understanding of their functional morphology
could provide many insights into life history traits. Furthermore, the taxonomic
distribution of the reservoirs at the bases of the ventral valves, the presence of apical
flaps, and undoubtedly many other ovipositor characters could provide useful information
for phylogenetic studies of the ichneumonoidea.

Copyright © Charles Andrew Boring 2010
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Figure 1 –A. Homolobus truncator: lateral habitus, scale bar = 1mm. –B. H. truncator:
lateral view of the distal region of the ovipositor, scale bar = 75µm. –C. Meteorus sp.: the
distal region of the ovipositor is broken, scale bar = 10µm. –D. H. truncator: ovipositor
apex with one ventral valve removed, arrow indicates a flap on the ventral valve, scale
bar = 10µm. –E. H. truncator: lateral view of entire ovipositor with one ventral valve
removed, scale bar = 100µm. (Abbreviations: b = barbs, dv = dorsal valve, e = egg, f =
flaps, n = notch, v = valvillus, vv = ventral valve).
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Figure 2 –A-E. Homolobus truncator. –A. Ventral view of the ovipositor showing a flap
on each ventral valve, scale bar = 10µm. –B. View of the entire ovipositor and venom
gland, scale bar = 100µm. –C. Latero-ventral view of the ovipositor with an egg exiting
from the flap on the ventral valve, scale bar = 10µm. –D Lateral view of the exterior
ventral valve with an egg exiting from the flap on the ventral valve, scale bar = 10µm. –E
Lateral view of the interior ventral valve, scale bar = 10µm. (Abbreviations: see Fig. 1, c
= ctenidia, o = ovipositor, os = ovipositor sheath, s = sperone, vg = venom gland)
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Figure 3 –A-F. Homolobus truncator. –A. Lateral view of the ovipositor with a rectangle
outlining the location of Fig. 3B, scale bar = 10 µm. –B. High magnification of the
outlined region in Fig. 3A, scale bar = 1µm. –C. Ventral view of the dorsal valve with a
rectangle outlining the location of Fig. 3D, scale bar = 10 µm. –D High magnification of
the outlined region in Fig. 3C, scale bar = 10 µm. –E Lateral view of the ovipositor with
the tip broken at the notch. The rectangle outlines the sensory structure in Fig. 3F, scale
bar = 1mm. –F. High magnification of the outlined region in Fig. 3E, scale bar = 1µm.
(Abbreviations: see Fig. 1 and Fig. 2, ri = ridges).
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Figure 4 A–F. Homolobus truncator. –A. Lateral view of the ventral valve interior, scale
bar = 100µm. –B. The valvillus, scale bar = 10µm. –C. Lateral view of the ovipositor
with one ventral valve removed, scale bar = 10µm. –D. Lateral view of the ovipositor
with one ventral valve removed, scale bar = 10µm. –E. Lateral view of the ovipositor
with one ventral valve removed, scale bar = 10µm. –F. Lateral view of the ovipositor
with one ventral valve removed showing high magnification of an egg in the egg canal,
scale bar = 10µm. (Abbreviations: see Fig. 1 and Fig. 2, a = apical direction of
ovipositor, ba = basal direction of ovipositor, ca = cavity for valvillus, cs = ctendial
scars).
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Figure 5 A–D. Homolobus truncator. –A. Latero-ventral view of the ovipositor with one
ventral valve removed, scale bar = 100µm. –B. Lateral view of the ovipositor with one
ventral valve removed, scale bar = 10µm. –C. Latero-ventral view of the ovipositor with
one ventral valve removed, scale bar = 10µm. –D. Latero-ventral view of the ovipositor
with one ventral valve removed, scale bar = 10µm. –E. Blacinae: lateral view of the
ovipositor base with one ventral valve removed, scale bar = 10µm. –F. Austrozele sp.
(Macrocentrinae): Latero-ventral view of the ovipositor with one ventral valve removed,
scale bar = 10µm. (Abbreviations: see Fig. 1, fl = congealed fluid, r = reservoir).
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Figure 6 –A. Eubazus (Helconinae): ventral view of the ovipositor apex, scale bar =
10µm. –B. Streblocera (Euphorinae): ventral view of the ovipositor apex, scale bar =
10µm. –C. Macrocentrinae: latero-ventral view of the ovipositor apex, scale bar = 10µm.
–D. Microgastrinae: lateral view of the ovipositor apex with one ventral valve removed,
scale bar = 10µm. –E. Meteorus (Meteorinae): ventral view of the ovipositor apex with
one ventral valve removed, scale bar = 10 µm. –F. Wrougtonia sp. (Helconinae): lateral
view of the ovipositor with one ventral valve removed, scale bar = 10µm. (Abbreviations:
see Fig. 1).
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Figure 7 –A. Sphex nudus (Sphecidae): lateral view of the valvilli (2 valvilli lay side-byside in all aculeates with valvilli), scale bar = 10µm. –B. Campoletis sonorensis.
(Ichneumonidae): lateral view of the valvillus, scale bar = 10µm. –C. Vespa crabro
(Vespidae): ventral view of dorsal valve showing ctenidia near ovipositor apex, scale bar
= 10µm. –D. Vespa crabro (Vespidae): ventral view of dorsal valve showing ctenidia
near ovipositor base, scale bar = 10µm. (Abbreviations: see Fig. 1 and Fig. 2).
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Figure 8. Illustration of the proposed oviposition sequence in lateral view. A horizontal
black line represents the host cuticle. There are two ventral valves, one is light grey and
in the foreground, the other is dark grey and in the background. The arrows on the left
indicate the movement of the ventral valves; the color of the arrow indicates the
movement of the dark grey ventral valve, the light grey ventral valve, or both. An arrow
on right indicates movement of the dorsal valve. The valvilli are represented by
horizontal ovals, where the dark grey valvillus is attached to the dark grey ventral valve
and the light grey valvillus is attached to the light grey ventral valve. When the valvillus
is represented by a thin oval, the valvillus is in a closed position that blocks the egg canal.
When the valvillus is represented by a large oval, the valvillus is in an open position that
allows movement through the egg canal. In Fig. 8H, venom enters the egg canal, which is
represented by the color yellow. The egg is represented by the white, vertical oval. In Fig.
8O the egg begins to exit the ovipositor from a flap on the ventral valve.
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Figure 8. Continued.
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Figure 8. Continued.
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CHAPTER 3: Maxfischeria (Hymenoptera : Braconidae), a genus of Australian wasps
with highly specialized egg morphology, now elevated to subfamily status, with five new
species described
3.1 Introduction

The braconid genus Maxfischeria has included a single species, Maxfischeria
tricolor Papp. In the original description, Papp (1994) provisionally proposed the tribe
Maxfischeriini within Helconinae for this monotypic genus. Although M. tricolor shares
similarities with members of Helconinae, Papp (1994) remarked that “in the future the
tribe would [sic] be emended to subfamily rank considering its features which
differentiate it from all other helconine genera” (p.143). Maxfischeria shares strikingly
similar wing venation with members of the tribe Helconini, including relatively complete
venation, presence of forewing vein 1RS, and a complete trapezoidal second submarginal
cell on the forewing. However, Maxfischeria does not possess other features associated
with Helconini, including a distinct lamella on the frons, two strongly developed lateral
carinae on metasomal median tergite 1, a long ovipositor relative to body, a large body
size (typically larger than 7mm), and a complete occipital carina. Thus, the similar wing
venation, which is a plesiomorphic feature, is the only characteristic Maxfischeria has in
common with Helconinae.
Until recently, Papp’s hypothesis on the placement of Maxfischeria within
Helconinae has not been tested. Maxfischeria appears to be non-cyclostome, having a
flat labrum and the spiracle of metasomal tergum 2, on the lateral tergite. However,
Sharanowski (Sharanowski, 2009) and Sharanowski et al. (In prep.) recovered a strongly
supported basal clade containing Maxfischeria, Aphidiinae and Mesostoinae. This clade
was recovered as sister to all remaining cyclostomes. Other multi-gene analyses have
also recovered a basal Mesostoinae + Aphidiinae, providing further evidence for these
relationships (Belshaw et al., 2000; Zaldivar-Riverón et al., 2006). Here I examine
morphological and biological features of Maxfischeria and formally propose
Maxfischeriinae as a new subfamily. Additionally, five new species of Maxfischeria are
described, and the holotype is re-described to correct previous errors. An identification
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key is presented for all species and phylogenetic relationships among the species are
inferred using molecular data.
Biological information about Maxfischeria is almost entirely unknown. This lack
of information is typical for parasitic Hymenoptera. However, an unusual egg
morphology has been discovered which is so striking that it demands further attention.
Maxfischeria have eggs that are stalked with an umbrella-like anchor which are unlike
any braconid egg yet described (Fig. 28). These eggs most closely resemble the
specialized eggs of a few Ichneumonidae, however, the eggs of Maxfischeria are unique
and any similarity is convergent. Here, this novel egg morphology is described and
compared to pose inferences about the biology of Maxfischeria.

3.2 Materials and methods

General morphological terminology follows Sharkey and Wharton (1997).
Additionally, malar space was measured as the shortest possible length from the bottom
of the eye to the most basal region of the mandible from an anterior view. Tentorial
length was taken as the shortest distance between the outer circular margins of the
anterior tentorial pits from an anterior view. All specimens of Maxfischeria were
collected in Australia, stored in 95% ethyl alcohol, and dissected in the same solution.
Photographs were made with GT Entovision® software using a JVC KY-F75 3CCD
digital camera. All mounted specimens were chemically dried using
hexamethyldisilazane (HMDS), following the protocol of Heraty and Hawks (1998). For
scanning electron microscopy (SEM), specimens were dried with HMDS, coated with
gold palladium, and images taken with a HitachiS-800 scanning electron microscope.
Measurements were taken with a digital micrometer using a Leica MZ12-5 stereoscope.
All specimens were compared with the holotype of M. tricolor.

3.2.1 Phylogenetic analysis

Initially, 14 specimens, representing all six known species of Maxfischeria were
chosen for phylogenetic analysis using the mitochondrial gene cytochrome c oxidase
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subunit 1 (CO1). However, of the 14 sequences, eight were discovered to be nuclearbased copies of mitochondrial sequence, or NUMTs (Lopez et al., 1994), based on
several criteria outlined by Zhang and Hewitt (1996). Thus, the eight NUMT sequences
were not utilized in the analyses. The final phylogenetic analysis included six
Maxfischeria sequences, representing all six known species (Table 1). An additional
three species were incorporated as outgroup taxa from three different subfamilies,
Andesipolis sp. (Mesostoinae) (interpreted as Rhysipolinae (Townsend et al., 2009),
Aphidius rhopalosiphi (Aphidiinae) and Doryctes sp. (Doryctinae). Choice of outgroup
was based on the phylogenetic position of Maxfischeriinae within the Braconidae as
elucidated in Sharanowski (2009) and Sharanowski et al. (In prep.). All trees were
rooted with Doryctes sp.
Sequences were obtained using the protocols outlined below, except for
sequences for Aphidius rhopalosiphi and Andesipolis sp., which were obtained from
Genbank (Accession: EU819406 and AY935411, respectively). DNA was extracted
from ethanol-preserved specimens following Qiagen protocols in conjunction with the
DNeasy™ Tissue Kit (Qiagen, Valencia, CA). The mitochondrial gene cytochrome c
oxidase subunit 1 (CO1) was amplified using protocols and primers from Schulmeister et
al. (2002) (CO1 lco hym 5'-CAA ATC ATA AAG ATA TTG G-3' and CO1 hco outout
5'-GTA AAT ATA TGR TGD GCT C-3'). Both product purification and sequencing
were performed at the Advanced Genetic Technologies Center, University of Kentucky
using Agencourt CleanSEQ magnetic beads and an Applied Biosystems 3730xl DNA
Analyzer, respectively. Contigs were assembled and edited using Contig Express (Vector
NTI Advance10™ Invitrogen™). Genbank accession numbers are listed in Table 1.
Additional sequenced genes, including 28S and 18S rDNA, and the protein-coding genes
CAD (carbamoyl-phosphate sythetase-asparate transcarbamoylase-dihydroorotase ) and
ACC (acetyl-coenzyme A carboxylase), were uninformative for species level relationships
for Maxfischeria (data not shown). DNA amplification of the internal transcribed spacer
1 of the rDNA array and the mitochondrial gene COII were attempted without success.
Alignment was performed using MUSCLE (Edgar, 2004) on the European
Bioinformatics Institute (EBI) server. Reading frame accuracy was checked with MEGA
4.0.2 (Tamura et al., 2007) using the invertebrate mitochondrial genetic code. Nucleotide
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frequencies and measures of genetic distance were calculated with MEGA 4.0.2 (Tamura
et al., 2007). The Chi-square test for homogeneity in base composition was used to test
for biases across taxa using PAUP* (Swofford, 2000). To explore the possibility for
saturation in the Maxfischeria dataset, pairwise Tajima-Nei distances (1984) were plotted
against absolute number of transitions and transversions for each codon position.
Parsimony and Bayesian analyses were performed using TNT v1.0 (Goloboff et
al., 2003) and MrBayes v3.1.2 (Huelsenbeck and Ronquist, 2001; Ronquist and
Huelsenbeck, 2003), respectively. For both reconstruction methods, the dataset was
analyzed with all characters included and with 3rd position excluded. Additionally,
different sets of outgroup taxa were analyzed to explore the effect of outgroup choice on
phylogenetic inference. For each parsimony analysis, tree searching was performed with
implicit enumeration with 1000 bootstrap replicates. Strict consensus trees were
calculated when more than one tree of minimum length was recovered. For the Bayesian
analyses, the general time reversible model with a parameter for invariant sites (GTR +I)
was chosen using the program MrModeltest v2. (Nylander, 2004; Posada and Crandall,
1998) with Paup* 4.0b10 (Swofford, 2000) using the PaupUp graphical interface
(Calendini and Martin, 2005). For each analysis, 2 separate runs with 4 chains were run
for 300,000 generations. Convergence was ascertained using the diagnostics
recommended by the authors of the program. Of the 3001 sampled trees, 750 were
discarded as ‘burn-in’ and a majority rule consensus tree was calculated from the
remaining sampled trees.

3.3 Results

3.3.1 Phylogenetic analyses

Amplified sequences identified as NUMTs were typically short sequences ranging
from 144–200bp. These sequences contained a nearly perfect 51bp tandem repeat,
replicated three to four times across different species of Maxfischeria. The tandem repeat
was not found in the actual mitochondrial sequences. One of the NUMTs amplified for
M. ameliae, aligned across 470 bp of the mitochondrial CO1 sequences before starting a
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unique sequence followed by the tandem repeat. All sequences identified as NUMTs
were discarded from the dataset.
Alignment of the CO1 sequences resulted in 762 aligned positions, which
included 145 parsimony informative sites. Pairwise uncorrected p-distances for all taxa
analyzed are presented in Table 3. The average distance across all taxa was 0.148 (± 0.01
SE) and between outgroup and ingroup taxa was 0.189 (± 0.013 SE). Distances between
species of Maxfischeria ranged between 0.054 (M. tricolor vs. M. ameliae) and 0.126 (M.
anic vs. M. folkertsorum) with an average of 0.098 (± 0.009 SE). These distances are
greater than distances used by other researchers to delimit species using the barcoding
region of CO1 for invertebrates (Kartavtsev and Lee, 2006; Smith et al., 2007). Table 2
lists the nucleotide frequencies for each codon position and all positions combined.
Similar to previous hymenopteran studies (Leys et al., 2000; Murphy et al., 2008), there
is a clear A-T bias in the CO1 dataset, which is extremely pronounced in the third
position. Additionally, there is an anti-cytosine bias, which is also exaggerated in the
third position. Compositional heterogeneity is only evident in third position, based on the
Chi-square test (Table 2).
Distance measures based on stochastic models can lead to better estimates of
multiple substitutions in saturation plots (Sullivan and Joyce, 2005). Thus, the TajimaNei distance assuming equal rates of substitution was used to estimate saturation, as the
model provides a parameter for base composition. Saturation was inferred when the
relationship between genetic distance and the number of transitions or transversions
began to disintegrate. These plots, depicted in Figure 1, demonstrate extreme and
moderate saturation in 3rd position transitions and transversions, respectively (Fig. 1c).
Even at low genetic distances there is no relationship with the number of transitions at the
3rd codon site. The 1st position (Fig. 1a) demonstrates some transitional saturation, but
there remains a clear relationship through most of the data points. Second position (Fig.
1b) transitions and transversions are not saturated. However, the severe saturation of
transitions in the third position has a large effect on the overall dataset (Fig. 1d). Thus, it
is highly probable that the third position will contribute more noise than phylogenetic
signal.
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In the maximum parsimony analysis one most parsimonious tree, length 433
steps, was recovered when all data were included in the analysis (consistency index (CI)
= 0.704; retention index (RI) = 0.486) (Fig. 2a). One minimum length tree was also
recovered when the third position was excluded from the parsimony analysis (L=131;
CI=0.824, RI=0.733) (Fig. 2b). These trees were very similar, although the analysis with
all data included recovered (M. ameliae (M. anic + M. tricolor) (Fig. 2a) versus (M. anic
(M. ameliae + M. tricolor) when third position was excluded (Fig. 2b). The cladogram
generated from the dataset lacking the third position had higher bootstrap support for
most clades. Regardless of outgroup selection, relationships among species of
Maxfischeria remained stable when the third position was excluded (data not shown).
Bayesian analyses were very similar, although there was less resolution when all
data were included, particularly between M. ovumancora and M. briggsi (Figs 2c and 2d).
Posterior probabilities were also reduced for some clades when all data was included.
Ingroup relationships were identical between the parsimony and Bayesian trees when the
third position was excluded (Figs 2b and 2d). The Bayesian analysis generated from the
dataset excluding third positions converged on the same tree as the parsimony analysis
for ingroup relationships (Fig. 2c), but did not recover A. rhopalosiphi + Andesipolis sp.
as sister to all species of Maxfischeria.

3.3.2 Egg morphology

Two female specimens of M. ovumancora were dissected to examine the
morphology of the eggs. The dissections revealed several mature eggs, all in the same
stage of development (Fig. 27). Each egg had an elongate-oval shape with a well
sclerotized chorion (Fig. 28). On one end of each egg was a highly sclerotized stalk
ending in an ‘anchor’ (Figs 27–28). One of the dissected specimens gave us the fortune
of displaying the position of an egg ready to be laid, with the anchor inserted into the
base of the ovipositor (Figs 29–32).

3.4 Discussion
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3.4.1 Phylogenetics of Maxfischeria

Although there is significant genetic variation among species of Maxfischeria in
CO1 (5–13% genetic distance), there is little morphological variation across species.
However, all species can be delineated based upon the barcoding region of CO1, in
addition to the morphological identification key presented below, which is primarily
based upon color. Due to the amplification of NUMTs, genetic data was obtained for
only one specimen per species, and thus, intraspecific genetic variation was unable to be
determined. Therefore, it is possible that future evidence may indicate a greater number
of species than those described herein.
Clearly the third position added ambiguity to the dataset, indicated by less
resolution, a lower retention index, sensitivity to outgroup selection, and lower nodal
support for recovered clades when compared to the analyses with the third position
excluded. Analyses with the third position excluded were robust to method of analysis
and outgroup selection. Thus, the relationships shown in Figures 2b and 2d are preferred.
Given the evidence, the most probable relationships among all known species of
Maxfischeria are as follows: (M. folkertsorum (M. ovumancora (M. briggsi (M. anic (M.
tricolor + M. ameliae))))) (Fig. 2d). However, there is some ambiguity between (M. anic
(M. tricolor + M. ameliae)), as these clades were not recovered in more than 50% of the
1000 bootstrap replicates in the parsimony analysis.

3.4.2 Morphological Autapomorphies

The monophyly of Maxfischeriinae is supported by morphological evidence. The
following combination of characters is diagnostic of Maxfischeriinae and these characters
are invariable among all specimens examined: presence of pronotal shelf (Fig. 24);
notauli absent medially, present only anterolaterally; mesonotal mid-pit present (Fig. 25);
tarsal claws with a well developed basal lobe; apex of scutellum smooth and shiny,
posterior scutellar depression absent (Fig. 26, see arrow); scutellar sulcus smooth;
forewing veins 1a and 2a present, although 1a nebulous (Fig. 35); 6 maxillary
palpomeres, with the 4th palpomere as long or longer than the 6th; forewing vein 1RS
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long; sternaulus appearing as an ovoid depression at mid-length of mesopleuron (Fig. 23).
In addition to those diagnostic characters, the specialized egg morphology is a putative
autapomorphy for this subfamily. Due to the rarity of additional specimens for
dissection, only two species have been confirmed with specialized eggs (see egg
morphology below). Further sampling is necessary to determine the taxonomic range of
this feature. The monophyly of Maxfischeriinae was concurrently supported with
molecular evidence by Sharanowski (2009) and Sharanowski et al. (In prep.). This
combination of morphological and molecular data support emending Maxfischeria to
subfamily rank.
In the following, Papp’s (1994) treatment of Maxfischeria is examined to clarify
the distinction between Maxfischeriinae and Helconinae. Papp (1994), treated
Maxfischeriini as a tribe of Helconinae, and remarked “that in the future the tribe would
be emended to subfamily rank considering the features which differentiate it from all
other helconine genera: 1. Head entirely smooth (i.e. frons without midlongitudinally
raised carina, occipital and hypostomal carina absent); 2. Pronope absent; 3. Hind femur
entirely smooth; 4. Hind trochanter rather slender; 5. Forewing: (a) vein 1-SR present
[=1RS], (b) m-cu antefurcal [=1m-cu], (c) 2A and a present [=1a and 2a, respectively],
(d) r-m present; 6. Hind wing: cu-a subvertical; 7. Pair of spiracles somewhat anteriorly
from middle of propodeum; 8. Maxillary palp with six and labial palp with four
segments; 9. Prescutellar sulcus and lateral field of scutellum (or axilla) smooth (i.e. not
crenulate)” (p.143–144). It must have been the combination of these characters that
distinguished Maxfischeria because the diagnostic wing venation can also be found
among Helconini genera. Maxfischeria does not possess other features associated with
Helconini, including a distinct lamella on the frons, two strongly developed lateral
carinae on metasomal median tergite 1, a long ovipositor relative to body, a large body
size (typically larger than 7mm), and a complete occipital carina. Thus, the similar wing
venation is a plesiomorphic feature, and it is understandable how Maxfischeria was
provisionally placed within Helconinae. Furthermore, all Helconini genera have a
smooth hind femur except Wroughtonia Cameron and some species of Helcon Nees.
Several genera of Helconinae possess the same palpal formula, especially those within
the Helconini. The propodeal spiracles are situated in the same location as those of
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members of Helconinae. Finally, although reduced, the hypostomal carina is present in
species of Maxfischeria (Fig. 22, see arrow). The diagnoses and descriptions of
Maxfischeriinae and Maxfischeria (see below) contain a more accurate set of
morphological features to distinguish species of Maxfischeria from members of the
Helconinae and other braconids in general. Additionally, the type species Maxfischeria
tricolor is re-described to correct mistakes in the original description and to
accommodate variation found in newly discovered specimens.

3.4.3 Egg Morphology

Dissection of two female specimens of M. ovumancora revealed eggs with a
unique morphology (Figs 27–28). The stalked eggs illustrated here have never been
described for any Braconidae. Pedunculate eggs with an anchor are found in a select
group of Ichneumonidae, including the Anomaloninae, Lycorininae, Stilbopinae, and
Tryphoninae. All ichneumonids with pedunculate eggs and a known biology are
koinobiont. It is possible, if not probable, that Maxfischeriinae are koinobiont as well.
The Anomaloninae are koinobiont endoparasitoids that attack larval Lepidoptera
or Coleoptera, and emerge from the host pupae (Wahl, 1993). Anomalonine eggs have
been illustrated by both Gauld (1976) and Iwata (1960). Both illustrations show an egg
with a short, robust stalk ending in an anchor. Gauld (1976) suggested that the anchor in
Heteropelma spp. is used to secure the egg to tissue within the host.
One species of Stilbopinae, Panteles schnetzeanus (Roman), has a strongly
recurved “tail” on its egg, but lacks an anchor (Quicke, 2005). Quicke (2005)
demonstrated that these eggs are laid completely within the host, and that the recurved
“tail” is embedded in host tissue, most commonly in Malphigian tubules, the rectum, or
other tissue in the posterior region of the host. These eggs lack an anchor, but are
otherwise similar in shape and color to the eggs of Maxfischeria (Fig. 28).
Lycorininae eggs also share similarities to the eggs of Maxfischeria, particularly
the shape of the egg and anchor, and location of the stalk and anchor. However, there are
striking differences: the ovarian eggs of Lycorininae are synovigenic, have membranous
tissue surrounding the egg which modifies the position of the anchor, and mature eggs are
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described as white (Coronado-Rivera et al. 2004; Shaw 2004), whereas the ovarian eggs
of Maxfischeria are likely proovigenic (see below), have a membranous tissue around the
egg which does not modify the position of the anchor, and the eggs have a tint of
sclerotized color (Figs 27, 28). The Lycorininae have an enigmatic biology, with only a
few host association records. Observations by Coronado-Rivera et al. (2004) and Shaw
(2004a) showed this group contains koinobiont parasitoids that complete their
development as an ectoparasitoid. There still remains uncertainty concerning the biology
of early instar Lycorininae larvae; they may be ectoparasitic (presumably in the hindgut),
or endoparasitic (Coronado-Rivera et al 2004).
Members of the ichneumonid subfamily Tryphoninae are ectoparasitic and attach
the egg to the host in a variety of ways. Some tryphonines have an unmodified egg that
is shallowly embedded within the host so that part of the egg still protrudes from the
exterior surface of the host (Clausen, 1932). In other Tryphoninae, the egg has a
modified structure to attach to the host. Clausen (1932) described these eggs as having a
shield-shaped structure that opens, umbrella-like, when laid. Clausen (1932) illustrated
the egg of Tryphon bidentatus Stephens (as Tryphon incestus Holmgren) and how the
anchor is embedded in the groove between the head and the first thoracic segment of the
host larva. The illustration shows that Maxfisheria and T. bidentatus have similarly
shaped eggs; a notable difference is that Maxfischeria’s eggs have a flange on the anchor
(Fig. 28). To our knowledge, this flange is unique to Maxfischeria. The eggs of T.
bidentatus were described as having an exceedingly tough, yellowish chorion, which is a
fitting description for the eggs of Maxfischeria (Fig. 28). The similarity in egg
morphology between Maxfischeria and Tryphon spp. is obviously due to convergence,
and the purpose of our comparison is to lend evidence to infer the unknown biology of
Maxfischeria from the known biology of Tryphon spp.
The egg of Maxfischeria is nearly as long as the ovipositor (Figs 29–31), and only
the base of the ovipositor is as wide as the egg. This first became apparent from
examining separate images of the egg with SEM images of the ovipositor, and raised
questions about the means by which the egg passes through the ovipositor. Fortunately,
one dissected specimen had an egg at the base of the ovipositor (Figs 31–32). It is
apparent that the flange at the apex of the anchor (Fig. 28, see arrow) is first to enter the
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ovipositor (Figs 31–32). Further examination of this dissection under SEM revealed how
the dorsal valve accommodates this flange; the ventral surface of the dorsal valve that
forms the egg canal has a groove along its length (Figs 31 and 34). It is not certain what
the ovipositor is like inside this groove; like a drawn curtain, further visual investigation
is obscured. This groove is incomplete; the dorsal surface of the dorsal valve is
undivided and typically formed. The dimensions of the egg canal appear to
approximately match those of the anchor (Fig. 32), making it difficult to imagine the
entire egg passing through this space. Given the relative size of the egg to that of the
ovipositor, there is reason to suspect that only the anchor passes through the egg canal,
with the stalk traveling between the ventral valves, and the remainder of the egg traveling
exterior to the ovipositor. If this is the case, then it would suggest that this type of egg
passage is highly similar to some members of Tryphoninae (Ichneumonidae) with
modified eggs. From the similarities Maxfischeria share with Tryphoninae, I suggest that
species of Maxfischeria are koinobiont ectoparasitoids.
It is also worth discussing the potential of Maxfischeria to be pro-ovigenic. The
strongest evidence to support this biology is from direct observation of the metasomal
(=abdominal) body cavity through dissection. Dissections of M. ovumancora revealed
several mature eggs that were all in the same stage of development (Fig. 27), and no
undeveloped eggs were identified. I was also able to see through the metasoma of one
specimen, which is designated here as a homotype of M. tricolor, and the outline of a
similar egg morphology can clearly be seen. This indicates that the egg shape is not
unique to M. ovumancora, but it has yet to be determined if all other species have exactly
the same egg morphology. Maxfischeria ovumancora was the only species with a long
enough series to sacrifice specimens for dissection. Jervis et al. (2001) describes egg
maturation strategies as a continuum of ovigeny, where strict pro-ovigeny is rare. Ellers
and Jervis (2004) identified parameter ranges that are most likely to lead to strict proovigeny, and all scenarios with very large egg size led to strict pro-ovigengy. The eggs
of M. ovumancora are large, approximately 0.7 mm in length (Fig. 28), which supports
the probability of pro-ovigeny despite the rare frequency of this biology. Independent
reevaluation with additional specimens is encouraged. Since the two specimens of M.
ovumancora that were dissected were also collected together, it remains possible that
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they are synovigenic with their final compliment of eggs developed at the time of
collection.

3.5 Taxonomy

Subfamily Maxfischeriinae Papp, subfam. nov.
Type species: Maxfischeria tricolor Papp, 1994

Diagnosis. This subfamily can be distinguished from other Braconidae with the
following combination of characters: presence of pronotal shelf (Fig. 24); notauli absent
medially, present only anterolaterally; mesonotal mid-pit present (Fig. 25); tarsal claws
with a well developed basal lobe; apex of scutellum smooth and shiny, posterior scutellar
depression absent (Fig. 26, see arrow); scutellar sulcus smooth; forewing veins 1a and 2a
present, although 1a nebulous (Fig. 35); 6 maxillary palpomeres, with the 4th palpomere
as long or longer than the 6th; forewing vein 1RS long; sternaulus appearing as an ovoid
depression at mid-length of mesopleuron (Fig. 23); ovipositor short, dorsal valve smooth
and enlarged near apex, ventral valve with serrations along entire length (Fig. 33).

Description. Head smooth, vertex covered with setae; occipital carina absent;
hypostomal carina present; interantennal carina absent; eye without setae; 6 maxillary
palpomeres; 4 labial palpomeres; pronotum with an anterior projection, narrowing
anteriorly to blunt knob; mesosoma with epicnemial carina present; mid-pit present;
scutellar sulcus smooth; forewing 1RS present, m-cu antefurcal, 2a present, 1a nebulous,
(RS+M)b present, 1cu-a subvertical; hind wing 2RS and 3M tubular with 3M nearly
reaching wing margin; dorsope absent; propodeal spiracle situated somewhat anteriorly
(Fig. 26); ovipositor short, dorsal valve smooth and enlarged near apex, ventral valve
with serrations along entire length (Fig. 33), ovipositor sheath with ventrally directed
setae concentrated on the ventral margin.

Remarks. Putative autapomorphies for Maxfischeriinae include: presence of a
pronotal shelf or projection (Fig. 24), scutellar sulcus smooth; mesonotal mid-pit;
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forewing vein 1a and 2a present, although 1a nebulous; ventral valve of the ovipositor
with serrations from tip to [exposed] base; and pedunculate eggs (Fig. 28). This
subfamily currently contains a single genus, Maxfischeria. Couplet 23 of the key to
braconid subfamilies in Sharkey (1993) is modified to accommodate Maxfischeriinae as
follows:
23(21)
23A(23)

a.
aa.
a.
b.
aa.
bb.

Head without occipital carina…23A
Head with occipital carina…25
Pronotal shelf present
Mid-pit present …Maxfischeriinae
Pronotal shelf absent
Mid-pit absent …24

Genus Maxfischeria Papp, 1994

Type species: Maxfischeria tricolor Papp, 1994
This monotypic genus was described by Papp (1994). This description fits the genus
well, except that the hypostomal carina is present in Maxfischeria (Fig. 22, see arrow).
Additionally, the forewing is clear basally and infuscate apically.

Diagnosis. Currently, Maxfischeria is the only known genus within
Maxfischeriinae. Thus, the diagnosis for the subfamily suffices for the genus.

Distribution. All known species are found in Australia. Specimens have been
collected from the following states: Australian Capital Territory, New South Wales,
Queensland, and Tasmania.

Remarks. The majority of specimens examined in this study have been collected
at night with a mercury vapor or ultraviolet light. This may indicate that species of
Maxfischeria are nocturnal; however their bright coloration suggests that they may also
be active during the day.
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Key to known species of Maxfischeria

1 Length of malar space approximately one-half the length between the tentorial pits
from anterior view, ratio malar space: tentorial length 0.52–0.67 (Fig. 15)…2
- Length of malar space much less than one-half the length between the tentorial pits
(1/6–1/3) from anterior view, ratio malar space: tentorial length 0.18–0.36 (Fig. 21)…3
2 Forewing vein 1RS less than half the length of forewing vein r, ratio 1RS:r
approximately 0.33–0.47; length of forewing vein r approximately ¾ the length of
forewing vein 3RSa, ratio r:3RSa 0.76–0.78; metasomal median tergite 1 entirely black
(Fig. 44) … Maxfischeria folkertsorum, sp. nov.
- Length of forewing vein 1RS more than half the length of forewing vein r, ratio 1RS:r
approximately 0.51–0.67; length of forewing vein r sub-equal to forewing vein 3RSa,
ratio r:3RSa 0.88–0.93; metasomal median tergite 1 white with black spot (Fig. 42)… 5
3 Hind wing vein 2-1A distinctly present and tubular (Fig. 35); ...4
- Hind wing vein 2-1A absent or occasionally present as an extremely small nub-like
projection from 1-1A … Maxfischeria tricolor
4 Propodeum with dull, shallow anterior longitudinal median carina (Fig. 26); metasomal
tergites 1–2 entirely black; metasoma lateral tergite 3 with a black sclerotized band (Figs
16, 19); hypopygium desclerotized medially from ventral view (Fig. 20); head and
propodeum melanic to dark brown (Fig. 18) … Maxfischeria ovumancora, sp. nov.
- Propodeum with very sharp anterior longitudinal median carina; metasomal tergites 1–2
mostly white (occasionally with some brown or black pigmentation medially) (Fig. 43);
metasoma lateral tergite 3 typically without a black sclerotized band (very rarely with a
small black spot) (Fig. 3); hypopygium entirely sclerotized; head yellow; propodeum
orange-brown (Fig. 3)… Maxfischeria ameliae, sp. nov.
5 Hind wing vein 2-1A present but short; propodeum sculptured, with at least an anterior
median carina, areola, and other irregular sculpturing; hypopygium without pigmentation
(Fig. 12); metasomal tergite 2 mostly white (Fig. 40) … Maxfischeria briggsi, sp. nov.
- Hind wing vein 2-1A absent; propodeum almost devoid of sculpture medially, possibly
with very dull anterior median carina, but otherwise smooth; hypopygium pigmented
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laterally (Fig. 9), metasomal tergite 2 entirely black (Fig. 42) … Maxfischeria anic, sp.
nov.

Maxfischeria ameliae Boring, sp. nov. (Figs 3–5; 43)

Diagnosis

This species can be distinguished from all other species of Maxfischeria by the following
combination of characters: head yellow; length of malar space much less than one-half the

length between the tentorial pits; propodeum orange-brown (Fig. 3); propodeum with
very sharp anterior longitudinal median carina; hind wing vein 2-1A distinctly present
and tubular; metasomal tergites 1–2 mostly white (occasionally with some brown or
black pigmentation medially) (Fig. 43); metasoma lateral tergite 3 typically without a
black sclerotized band (very rarely with a small black spot) (Fig. 3); hypopygium entirely
sclerotized.

Material examined. Holotype, 1f# AUSTRALIA: Queensland Carnarvon Gorge
Nat’l Pk Ranger station at light 25˚0’41”S 148˚02’03”E 25.xi.2005. N. Schiff. Deposited
at the Australia National Insect Collection, CSIRO, Canberra, ACT, Australia.
Paratypes, 3f# AUSTRALIA: (2f#) Queensland Carnarvon Gorge Nat’l Pk
Ranger station at light 25˚0’41”S 148˚02’03”E 25.xi.2005. N. Schiff. Deposited at the
Australia National Insect Collection, CSIRO, Canberra, ACT, Australia ; (1f#) upper
Jardine R., Cape York Pen, N. Qld 11˚10’S 142˚37’E, 27.x.79. M.S. & B.J. Moulds.
Returned to Australian Museum, Sydney, Australia.

Description
Length. 5.9–6.5 mm.
Color. Head yellow with black confined within ocellar triangle (Fig. 4);
maxillary and labial palpi yellow; antenna brown; base of mandible yellow with light
brown near the apex; pronotum, propleuron, and mesoscutum blackish-brown, scutellum
and metanotum light brown, mesopleuron irregularly blackish-brown to light brown
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laterally and blackish-brown ventrally (Fig. 3), propodeum light brown; fore leg yellow
except for brown trochantellus, mid leg coxa and trochantellus blackish-brown, femur
light brown fading to yellow apically, tibia and tarsomeres yellow, hind leg blackishbrown; tegula light brown; wings basally hyaline, apically infuscate, and with a medial
hyaline streak (Fig. 3); metasomal median tergite 1 with light brown circular coloration
(Figs 5, 43), median tergite 2 white, median tergites 3–7 white with black bands on
anterior margin, median tergite 8 entirely black; metasomal sterna white except sternites
4–6 white with black bands on anterior lateral margins that do not meet ventrally (Fig. 5);
ovipositor sheath testaceous basally and light-brown apically, ovipositor testaceous.
Head. Antenna with 45–50 flagellomeres, terminal flagellomere with apical
spine; ratio malar space: tentorial length 0.34–0.36.
Mesosoma. Propodeum with sharp anterior longitudinal median carina dividing
large anterior median depression, elliptical shaped depression present just below median
carina, medial to posteromedial region smooth, posterolateral depression bordered by
carinae along posterior and lateral margin, setae concentrated laterally.
Wings. Vestigial hind wing costal vein present, vein 2-1A present, though
vestigial; number of hamuli variable with 4 hamuli on left wing and 5 hamuli on right
wing.
Metasoma. Hypopygium sclerotized medially.

Distribution. This species is known from the type locality in central Queensland
and from Cape York Peninsula in northern Queensland, Australia.
Remarks. Variation in the three paratypes is as follows. Paratype 1: fore leg
entirely yellow, coxa and trochanter of mid leg brown, mid leg femur, tibia, and tarsus
yellow; coxa, trochantellus, and femur of hind leg light-brown, tibia and tarsus black;
metasomal tergum 3 with light brown spot instead of solid black bar; 4 hamuli. Paratype
2: apical flagellomere pointed, but not with a distinct spine; fore leg entirely yellow; coxa
and trochanter of mid leg brown; metasomal tergum 3 with black spot instead of solid
black bar; hind wing vein 2-1A present but short; 5 hamuli on left wing, 4 hamuli on right
wing. Paratype 3: mesosoma with slightly more orange than black coloration.
Male. Unknown.
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Etymology. The specific epithet is a genitive noun, named in honor of B.
Sharanowski’s niece, Amelia Grace Brant, born to Julie and Billy Brant on December 9,
2008 in Townesville, Australia.

Maxfischeria anic Boring, sp. nov. (Figs 7–9; 42)

Diagnosis

This species can be distinguished from all other species of Maxfischeria by the
following combination of characters: length of malar space approximately one-half the
length between the tentorial pits from anterior view; propodeum almost devoid of
sculpture medially, possibly with very dull anterior median carina, but otherwise smooth;
length of forewing vein 1RS more than half the length of forewing vein r; length of
forewing vein r sub-equal to forewing vein 3RSa; hind wing vein 2-1A absent;
metasomal median tergite 1 white with black spot (Fig. 42); metasomal tergite 2 entirely
black (Fig. 42); hypopygium pigmented laterally (Fig. 9).

Material examined. Holotype, 1f# AUSTRALIA: Queensland Carnarvon Gorge
Nat’l Pk Ranger station at light 25˚0’41”S 148˚02’03”E 25.xi.2005. N. Schiff. Deposited
at the Australia National Insect Collection, CSIRO, Canberra, ACT, Australia

Description

Length. 5.4 mm.
Color. Head orange with black frons (Fig. 8); maxillary and labial palpi yellow;
scape and pedicle black, antenna flagellomeres blackish-brown; base of mandible orange,
reddish-black at the apex; mesosoma black; fore coxa, trochanter, trochantellus, and basal
portion of femur blackish-brown, posterior apical portion of fore femur orange-yellow,
fore tibia orange-yellow, first four tarsomeres on fore leg brown with yellow setae, apical
tarsomere yellow; mid and hind leg black basally, fading to brown apically; tegula black;
wings evenly infuscate; metasomal median tergite 1 white with black spot, median
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tergites 2+3 mostly black with white boarders, median tergites 4–6 white with black
bands on anterior margin, median tergites 7 and 8 entirely black (Figs 9, 42); metasomal
sterna white except sternites 3–6 white with black bands on anterior lateral margin that do
not meet ventrally (Fig. 9); ovipositor sheath basally black and apically testaceous.
Head. Antenna with 41 flagellomeres, terminal flagellomere pointed, but without
apical spine; ratio malar space: tentorial length 0.52–0.56.
Mesosoma. Propodeum with dull anterior longitudinal median carina, propodeum
otherwise smooth, setae evenly dispersed or only slightly concentrated laterally.
Wings. Vestigial hind wing costal vein present, vein 2-1A absent; 4 hamuli.
Metasoma. Hypopygium medially membranous.

Distribution. This species is known from the type locality in central Queensland.
Male. Unknown.
Etymology. The specific epithet is a noun in apposition, named in honor of the
Australian National Insect Collection (ANIC), and all of the staff for their hard and
diligent work. Additionally, the type specimen of Maxfischeria tricolor was borrowed
from ANIC and was essential to this research.

Maxfischeria briggsi Boring, sp. nov. (Figs 10–12; 40)

Diagnosis

This species can be distinguished from all other species of Maxfischeria by the
following combination of characters: length of malar space approximately one-half the
length between the tentorial pits from anterior view; propodeum sculptured, with at least
an anterior median carina, areola, and other irregular sculpturing; length of forewing vein
1RS more than half the length of forewing vein r; length of forewing vein r sub-equal to
forewing vein 3RSa; hind wing vein 2-1A present but short; metasomal tergite 1 white
with black spot (Fig. 40); metasomal tergite 2 mostly white (Fig. 40); hypopygium
without pigmentation (Fig. 12).
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Material examined. Holotype, 1f# AUSTRALIA: Queensland Carnarvon Gorge
Nat’l Pk Ranger station at light 25˚0’41”S 148˚02’03”E 25.xi.2005. N. Schiff. Deposited
at the Australia National Insect Collection, CSIRO, Canberra, ACT, Australia
Paratype, 1f# AUSTRALIA: Mt. Kosciusko, on snow, 7000ft 11.iix.1931 L.F.
Graham. Returned to the Australia National Insect Collection, CSIRO, Canberra, ACT,
Australia

Description

Length. 4.9–5.0 mm.
Color. Head yellow with black frons (Fig. 11); maxillary and labial palpi yellow;
scape and pedicle of antenna black, flagellomeres brown; base of mandible yellow, black
at apex; mesosoma black; fore leg yellow, mid leg yellow except coxa and trochanter
dark brown, hind leg black (Fig. 10); tegula black; wings basally hyaline, apically
infuscate, and with a medial hyaline streak (Fig. 10); metasoma tergite 1 white with
irregular dark brown spot present, median tergite 2 white with irregular dark brown mark
on posterior margin, median tergites 3–7 white with black bands across anterior margin,
median tergite 8 entirely black (Figs 12, 40); metasoma sterna white, except sternites 3
and 4 white with light brown spots laterally (Fig. 12); ovipositor sheath dark brown;
ovipositor testaceous.
Head. Antenna with 43 flagellomeres, terminal flagellomere with apical spine;
ratio malar space: tentorial length 0.60.
Mesosoma. Propodeum with dull longitudinal median carina dividing large
anterior median depression, teardrop shaped depression present just below median
longitudinal carina, medial to posteromedial region with irregular small shallow
depressions, large posterolateral depression bordered by carinae along posterior and
lateral margin, setae concentrated laterally.
Wings. Hind wing costal vein absent, hind wing vein 2-1A present; 4 hamuli.
Metasoma. Hypopygium medially sclerotized.
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Distribution. This species has been collected from the type locality in
Queensland, Australia and from a high elevation in New South Wales.
Male. Unknown.
Etymology. The specific epithet is a genitive noun, named in honor and
appreciation of Reuben Briggs who was a great help in producing plates for this and other
publications.

Maxfischeria folkertsorum Boring, sp. nov. (Figs 13–16; 44)

Diagnosis

This species can be distinguished from all other species of Maxfischeria by the
following combination of characters: length of malar space approximately one-half the
length between the tentorial pits from anterior view; length of forewing vein 1RS less
than half the legth of forewing vein r; length of forewing vein r approximately ¾ the
length of forewing vein 3RSa; metasomal median tergite 1 entirely black (Fig. 44).

Material examined. Holotype, 1f# AUSTRALIA: Queensland Carnarvon Gorge
Nat’l Pk Ranger station at light 25˚0’41”S 148˚02’03”E 25.xi.2005. N. Schiff. Deposited
at the Australia National Insect Collection, CSIRO, Canberra, ACT, Australia
Paratype, 1f# AUSTRALIA: 42.105S 146.08E 9km WSW TAS Derwent Bridge
21.i.1983. I.D. Naumann & J.C. Cardale

Description

Length. 6.9 mm.
Color. Head orange with black confined within ocellar triangle (Fig. 14);
maxillary and labial palpi orange-yellow; scape black, pedicel black basally, brown
apically, annellus and flagellomeres light brown; mandible orange basally and reddishblack apically; mesosoma black (Fig. 13); fore coxa, trochanter, trochantellus, and basal
portion of femur blackish-brown, lateral apical portion of fore femur orange-yellow, fore

52

tibia and tarsomeres brownish-yellow, mid leg dark brown basally, fading to brownishyellow apically, hind leg dark brown; tegula black; wings evenly infuscate with a medial
hyaline streak; metasoma tergite 1 entirely black, median tergites 2 and 3 mostly black
with white on posterior margin of tergite 3, black band on tergite 3 extending to
laterotergite 3 (Fig. 16), median tergites 4–7 white with black bands on anterior margin,
median tergite 8 entirely black (Figs 16, 44); metasoma sterna white, except sternite 2
white with brown spot, sternites 3–5 white with black bands on anterior lateral margin
that do not meet ventrally, sternite 6 (=hypopygium) white with a black band on anterior
margin that meets ventrally (Fig. 16); ovipositor sheath black basally and testaceous
apically; ovipositor testaceous.
Head. Antenna with 56 flagellomeres, terminal flagellomere with apical spine;
ratio malar space: tentorial length 0.48–0.50.
Mesosoma. Propodeum with dull anterior median longitudinal carina, with
numerous irregular small deep depressions throughout, large posterolateral depression
bordered by carina on posterior half, setae dispersed evenly, though absent in the
posteromedian region.
Wings. Vestigial hind wing costal vein present, vein 2-1A absent; 5 hamuli on
left wing, 4 hamuli on right wing.
Metasoma. Hypopygium medioposteriorly membranous, in like the letter “V”,
medioanteriorly sclerotized.

Distribution. This species is known from the type locality in Queensland and
from Franklin-Gordon Wild Rivers National Park in Tasmania.
Male. Unknown.
Etymology. The specific epithet is a genitive noun, named in honor and
appreciation of Doctors George and Debbie Folkerts for their excellence in teaching and
mentoring at Auburn University.

Maxfischeria ovumancora Boring, sp. nov. (Figs 17–35; 41)

Diagnosis
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This species can be distinguished from all other species of Maxfischeria by the
following combination of characters: head and propodeum melanic to dark brown (Fig.
18); length of malar space much less than one-half the length between the tentorial pits;
propodeum with dull, shallow anterior longitudinal median carina (Fig. 26); hind wing
vein 2-1A distinctly present and tubular; metasomal tergites 1–2 entirely black;
metasoma lateral tergite 3 with a black sclerotized band (Figs 16, 19); hypopygium
medially desclerotized (Fig. 20).

Material examined. Holotype, 1f# AUSTRALIA: Queensland Carnarvon Gorge
Nat’l Pk Ranger station at light 25˚0’41”S 148˚02’03”E 25.xi.2005. N. Schiff. Deposited
at the Australia National Insect Collection, CSIRO, Canberra, ACT, Australia
Paratypes, 5f# AUSTRALIA: Queensland Carnarvon Gorge Nat’l Pk Ranger
station at light 25˚0’41”S 148˚02’03”E 25.xi.2005. N. Schiff. Deposited at the Australia
National Insect Collection, CSIRO, Canberra, ACT, Australia
Additional specimens, 2f# AUSTRALIA: Queensland Carnarvon Gorge Nat’l Pk
Ranger station at light 25˚0’41”S 148˚02’03”E 25.xi.2005. N. Schiff. One specimen
mounted for SEM imaging and the other dissected to examine egg morphology.

Description

Length. 5.35–6.17 mm.
Color. Head blackish-brown with orange spot on vertex between median ocellus
and eye (Fig. 18); maxillary and labial palpi brown, fading to testaceous; antenna brown;
base of mandible orange, black at the apex; mesosoma orange, except propodeum black
(Fig. 17); fore coxa orange, fore tibia and tarsus brown with yellow tinge, mid leg and
hind leg black (Fig. 17); tegula orange; wings basally hyaline, apically infuscate, and
with medial hyaline streak; metasoma tergite 1, median tergites 2 and 3 entirely black,
median tergites 4–7 white with black bands on anterior margin, median tergite 8 entirely
black (Figs 25, 41); metasomal sterna white except metasoma sternite 2 with black spot
laterally, sternites 3–6 white with black bands on anterior lateral margin that do not meet
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ventrally (Fig. 33); ovipositor sheath basally white and apically brown; ovipositor
testaceous.
Head. Antenna with 42–45 flagellomeres, terminal flagellomere with split and
with apical spine; ratio malar space: tentorial length 0.18–0.23.
Mesosoma. Propodeum with dull anterior longitudinal median carina dividing
small anterior median depression, irregular shallow depressions present below median
carina, posterolateral depression bordered by carinae along posterior and lateral margin,
setae concentrated laterally.
Wings. Vestigial hind wing costal vein present, vein 2-1A present; 4 hamuli.
Metasoma. Hypopygium medially membranous (Fig. 20).

Distribution. All known specimens are from the type locality in Queensland,
Australia.
Remarks. There is no noticeable variation between the holotype and paratypes.
Male. Unknown.
Etymology. The specific epithet is a noun in apposition, derived from the Latin
word for egg (ovum) and anchor (ancora) to reflect the anchored egg of this species.

Maxfischeria tricolor Papp, 1994 (Figs 36–39)

M. tricolor was described by Papp (1994), and I agree with the original
description except for the forewing vein 1cu-a (=cu-a in Papp 1994) is subvertical, not
straight; the hypostomal carina is present. The following is a re-description of the M.
tricolor holotype. Additionally, two specimens were labeled as homotypes for our
assessment of variation in the species. The DNA that represents M. tricolor, was
extracted from homotype 2.

Diagnosis

This species can be distinguished from all other species of Maxfischeria by the
following combination of characters: Length of malar space much less than one-half the
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length between the tentorial pits; hind wing vein 2-1A absent or occasionally an
extremely small nub-like projection from 1-1A.

Material examined. Holotype, 1f# AUSTRALIA: SE New South Wales,
Kosciusco National Park, Black Derry Rest Area. 13.i.1981. M.V. lamp at night. Leg.
Hangay and Vojnits. Deposited at the Australia National Insect Collection, CSIRO,
Canberra, ACT, Australia
Homotypes, AUSTRALIA: (1f#) Canberra A.C.T. Dec. 1930. Returned to the
Australia National Insect Collection, CSIRO, Canberra, ACT, Australia. (1f#)
Queensland, Queensland Carnarvon Gorge Nat’l Pk Ranger station at light 25˚0’41”S
148˚02’03”E 25.xi.2005. N. Schiff. (1f#) (Specimen 5) Queensland, Mt. Crosby,
12.XI.1964, Coll: G.B. Monteith. Deposited at the Australia National Insect Collection,
CSIRO, Canberra, ACT, Australia.
Additional specimens, 5f#, (4f#) (Specimens 1–4) AUSTRALIA: Queensland,
Queensland Carnarvon Gorge Nat’l Pk Ranger station at light 25˚0’41”S 148˚02’03”E
25.xi.2005. N. Schiff. (1f#). Specimens 2 and 3 deposited at the Australia National Insect
Collection, CSIRO, Canberra, ACT, Australia. Specimens 1 and 4 deposited at the
Hymenoptera Institute, University of Kentucky, USA.

Description

Length. 6.1–7.1 mm.
Color. Head yellow with black confined within ocellar triangle (Fig. 37);
maxillary and labial palpi yellow; antenna brown; base of mandible yellow, black at the
apex; mesosoma black (Fig. 36); fore leg and mid leg yellow, hind leg black; tegula
black; wings evenly infuscate with medial hyaline streak; metasomal median tergite 1
white with brown spot, median tergite 2 white, median tergite 3 white with irregularly
shaped black spot on anterior, median margin, median tergites 4–7 white with black
bands on anterior margin, median tergite 8 entirely black (Figs 38–39); metasomal sterna
white, except sternites 3–6, sternite 3 white with light brown spot on lateral margins,
sternites 4 and 5 white with black bands on anterior lateral margins that do not meet
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ventrally, sternite 6 (=hypopygium) white with a continuous black band on anterior
margin (Fig. 38); ovipositor sheath basally white, apically brown; ovipositor testaceous.
Head. 52 flagellomeres, terminal flagellomere with apical spine; ratio malar
space: tentorial length 0.27–0.30.
Mesosoma. Propodeum with dull anterior longitudinal median carina, propodeum
otherwise smooth except for irregular small shallow depressions, setae concentrated
laterally.
Wings. Vestigial hind wing costal vein present, vein 2-1A absent; 4 hamuli.
Metasoma. Hypopygium sclerotized medially, membranous medioanteriorly and
medioposteriorly.

Distribution. This species has been collected in Australian Capital Territory, New
South Wales, and Queensland, Australia.
Remarks. DNA was extracted from homotype 2. Variation in homotypes is as
follows. Homotype 2: metasoma tegite 1 without pigmentation; three terminal
metasomal sterna white with brown bands on anterior lateral margin that do not meet
ventrally; antenna with 44 flagellomeres; propodeum with dull anterior longitudinal
median carina. Variation of additional specimens is as follows. Specimen 1: head yellow
with black frons; mid leg yellow except coxa and trochanter black; metasomal sterna 3–6
white with black bands on anterior lateral margin that do not meet ventrally; 46
flagellomeres; propodeum with a single elliptical-shaped depression below anterior
longitudinal median carina, posterolateral depression bordered by carinae along posterior
and lateral margin. Specimen 2: hind leg black, except trochanter and femur orange;
metasoma T1 white with light brown tint; metasomal sternum 6 white with black bands
on anterior lateral margin that do not meet ventrally; 50 flagellomeres; propodeum with
two depressions below anterior longitudinal median carina, posterolateral depression
bordered by carina along posterior and lateral margin. Specimen 3: hind leg black,
except trochanter and femur orange; metasoma T1 white with light brown tint; prepectus
orange; mesosoma with orange marking below sternaulus; scutellum and metanotum
black with orange markings; metasoma sternites white, except sternites 5 and 6 white
with black bands on anterior lateral margin that do not meet ventrally; 50 flagellomeres;
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propodeum with a single elliptical-shaped depression below anterior longitudinal median
carina, posterolateral depression bordered by carina along posterior and lateral margin.
Specimen 4: metasoma sternites 5 and 6 white with black bands on anterior lateral margin
that do not meet ventrally; 47 flagellomeres; propodeum with two depressions below
longitudinal anterior median carina, posterolateral depression bordered by carinae along
posterior and lateral margin.
Male. Unknown.

Copyright © Charles Andrew Boring 2010
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Table 1 (below). Species of Braconidae analyzed in phylogenetic analysis with
corresponding GenBank accession numbers. Voucher numbers are included as a label on
all museum deposited specimens.
Exemplar

Voucher #

Andesipolis sp.

Accession #

Locality

b

CHILE: Flor de Lago

a

AY935411

ZISP-Jo753

Aphidius rhopalosiphi

Aph-rho-15

EU819406

UK: Warwickshire

Doryctes sp.

ZOO12

FJ361239

USA: West Virginia

M. ameliae
M. anic

BJS116

FJ361243

AUSTRALIA: Queensland

BJS114

FJ361244

AUSTRALIA: Queensland

M. briggsi

BJS119

FJ361241

AUSTRALIA: Queensland

M. folkertsorum

BJS115

FJ361245

AUSTRALIA: Queensland

M. ovumancora

BJS089

FJ361240

AUSTRALIA: Queensland

BJS088

FJ361242

AUSTRALIA: Queensland

M. tricolor
a

Traugott et al . (2008)

b

Zaldivar-Riverón et al. (2006)

Table 2 (below). Nucleotide frequencies for each codon position for CO1 sequences and
Chi-square (χ2) test for base composition bias across species for each codon position and
associated significance value (P) (df=24).
First position
Taxon

Second position

Third position

All positions

T

C

A

G

T

C

A

G

T

C

A

G

T

C

A

G

Doryctes sp.

33.5

9.8

33.1

23.6

48.8

18.5

15.4

17.3

52.6

0.8

38.7

7.9

44.9

9.7

29.0

16.3

A. rhopalosiphi

31.1

9.3

37.2

22.4

47.8

21.4

14.3

16.5

54.9

0.5

41.8

2.7

44.6

10.4

31.1

13.9
17.2

Andesipolis sp.

29.4

10.0

33.3

27.4

47.3

21.9

13.9

16.9

50.2

0.5

41.8

7.5

42.3

10.8

29.7

M. ameliae

33.1

9.4

34.3

23.2

48.0

16.9

16.5

18.5

53.0

0.0

42.7

4.3

44.7

8.8

31.1

15.4

M. anic

33.6

9.7

34.4

22.3

48.8

16.8

16.0

18.4

51.4

0.0

36.0

12.6

44.6

8.8

28.9

17.8

M. briggsi

34.8

10.1

33.3

21.7

49.5

18.2

15.7

16.7

52.0

1.5

36.7

9.7

45.4

10.0

28.5

16.0

M. folkertsorum

32.3

9.4

34.3

24.0

48.0

17.3

17.3

17.3

51.8

1.2

41.9

5.1

44.0

9.3

31.1

15.5

M. ovamancora

33.5

9.1

35.0

22.4

48.4

16.9

17.3

17.3

54.2

0.4

39.5

5.9

45.3

8.8

30.6

15.2

M. tricolor

33.3

9.1

35.0

22.6

48.1

16.5

17.3

18.1

52.7

0.8

35.8

10.7

44.7

8.8

29.4

17.1

Average

32.8

9.5

34.4

23.3

48.3

18.1

16.1

17.5

52.5

0.6

39.4

7.4

44.5

9.4

30.0

16.1

χ

P

2

4.29

6.45

37.27

11.48

0.99

0.99

0.04

0.98
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Table 3 (below). Uncorrected p-distances for each species examined.
1.
2.
3.
4.
5.
6.
7.
8.
9.

Doryctes sp.
A. rhopalosiphi
Andesipolis sp.
M. ameliae
M. anic
M. briggsi
M. folkertsorum
M. ovamancora
M. tricolor

1

2

3

4

5

6

7

8

0.163
0.159
0.196
0.209
0.213
0.202
0.217
0.191

0.141
0.163
0.191
0.176
0.189
0.165
0.187

0.167
0.196
0.176
0.198
0.174
0.185

0.076
0.098
0.096
0.072
0.054

0.109
0.126
0.100
0.096

0.120
0.102
0.120

0.098
0.111

0.098
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Figure 1. (a–d). Tajima-Nei distance plots against the absolute number of transitions (Ts)
(circle) and transversions (Tv) (triangle) for each codon position and all data combined.
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Figure 2. (a–d). (a.) Shortest length tree (L=433) recovered from parsimony analysis
with all data included. (b.) Shortest length tree (L=131) recovered from parsimony
analysis with 3rd position excluded. (a–b) Numbers below the node indicate bootstrap
values. (c.) Majority rule tree from Bayesian analysis with all data included. (d.)
Majority rule tree from Bayesian analysis with 3rd position excluded. (c–d) Numbers
below the node indicate posterior probabilities.
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Figures 3–8. 3, Maxfischeria ameliae, sp. nov., lateral habitus, scale bar = 2mm; 4,
Maxfischeria ameliae, sp. nov., dorsal head, scale bar = 0.5mm; 5, Maxfischeria ameliae,
sp. nov., lateral metasoma, scale bar = 1mm; 6, Maxfischeria ameliae, sp. nov., ventral
metasoma, scale bar = 0.5mm; 7, Maxfischeria anic, sp. nov., lateral habitus, scale bar =
2mm; 8, Maxfischeria anic, sp. nov., dorsal head, scale bar = 0.5mm.

63

Figures 9–14. 9, Maxfischeria anic, sp. nov., lateral metasoma, scale bar = 1mm.
10, Maxfischeria briggsi, sp. nov., lateral habitus, scale bar = 2mm; 11, Maxfischeria
briggsi, sp. nov., dorsal head, scale bar = 0.5mm; 12, Maxfischeria briggsi, sp. nov.,
lateral metasoma, scale bar = 1mm; 13, Maxfischeria folkertsorum, sp. nov., lateral
habitus, scale bar = 2mm; 14, Maxfischeria folkertsorum, sp. nov., dorsal head, scale bar
= 1mm.
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Figures 15–20. 15, Maxfischeria folkertsorum, sp. nov., anterior face, scale bar =
0.25mm; 16, Maxfischeria folkertsorum, sp. nov., lateral metasoma, scale bar = 1mm; 17,
Maxfischeria ovumancora, sp. nov., lateral habitus, scale bar = 2mm; 18, Maxfischeria
ovumancora, sp. nov., dorsal head, scale bar = 0.5mm; 19, Maxfischeria ovumancora, sp.
nov., lateral metasoma, scale bar = 1mm; 20, Maxfischeria ovumancora, sp. nov., ventral
metasoma, scale bar = 0.5mm.
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Figures 21–26. 21, Maxfischeria ovumancora, sp. nov., anterior head, scale bar =
100µm; 22, Maxfischeria ovumancora, sp. nov., posterior head, scale bar = 100µm,
arrow points to hypostomal carina; 23, Maxfischeria ovumancora, sp. nov., lateral
metasoma, scale bar = 100µm; 24, Maxfischeria ovumancora, sp. nov., pronotal shelf,
scale bar = 10µm; 25, Maxfischeria ovumancora, sp. nov., dorsal metasoma, arrow points
to pit on median mesonotal lobe, scale bar = 100µm; 26, Maxfischeria ovumancora, sp.
nov., propodeum, scale bar = 100µm, arrow points to absence of posterior scutellar
depression.
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Figures 27–32. 27, Maxfischeria ovumancora, sp. nov., lateral metasoma partially
dissected, scale bar = 1mm; 28, Maxfischeria ovumancora, sp. nov., egg, scale bar =
0.9mm; 29, Maxfischeria ovumancora, sp. nov., dorsal view of dorsal valve and dissected
posterior metasoma, scale bar = 0.5mm; 30, Maxfischeria ovumancora, sp. nov., ventral
view of ventral valves and dissected posterior metasoma, scale bar = 0.5mm; 31,
Maxfischeria ovumancora, sp. nov., ventral view ovipositor with one ventral valve
removed and the apical portion of the egg within the egg canal, scale bar = 100µm; 32,
Maxfischeria ovumancora, sp. nov., higher magnification of Fig. 31, where the apical
portion of the egg is within in the egg canal, scale bar = 10 µm.
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Figures 33–38. 33, Maxfischeria ovumancora, sp. nov., lateral ovipositor, scale bar =
50µm; 34, Maxfischeria ovumancora, sp. nov., ventral view of dorsal ovipositor valve,
scale bar = 10µm; 35, Maxfischeria ovumancora, sp. nov., forewing and hind wing, scale
bar = 1mm; 36, Maxfischeria tricolor (Holotype), lateral habitus, scale bar = 2mm; 37,
Maxfischeria tricolor (Holotype), dorsal head, scale bar = 0.5mm; 38, Maxfischeria
tricolor (Holotype), lateral metasoma, scale bar = 1mm.
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Figures 39–44. Dorsal metasoma: 39, Maxfischeria tricolor (Holotype); 40,
Maxfischeria briggsi, sp. nov.; 41, Maxfischeria ovumancora, sp. nov.; 42, Maxfischeria
anic, sp. nov.; 43, Maxfischeria ameliae, sp. nov.; 44, Maxfischeria folkertsorum, sp.
nov., dorso-lateral view of metasoma. Scale bars = 1mm.
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CHAPTER 4: Phylogenetic Relationships of Euphorinae (Hymenoptera: Braconidae)

4.1 Introduction

The Euphorinae is a diverse subfamily comprised of 14 tribes, 53 genera, and over
1000 species (Yu et al., 2004-present). Parasitoids rarely attack adult hosts, but this
uncommon biology is the predominant mode of parasitism among these koinobiont
endoparasitoids. Target hosts of Euphorinae may also include nymphal and larval stages
of the adult host species, especially when both life stages of the host occur in the same
temporal habitats (Obrycki et al., 1985; Shaw, 1985). The diversity of euphorine host
associations are exceptional; they are known to parasitize six different orders of insects
(Coleoptera, Hemiptera, Hymenoptera, Neuroptera, Psocoptera, and Orthoptera) (Shaw,
1988).
Shaw (1985) presented a tribal classification for 37 euphorine genera following a
phylogenetic analysis of 68 external morphological characters. Those results are
recreated in Table 1 and Figure 1. Since 1985, fourteen genera have been described and
placed in the Euphorinae. As the diversity expands, it is necessary to have a better
understanding of euphorine relationships in order to accurately classify newly described
taxa. Since Shaw’s (1985) revision, most of the insights on phylogenetic relationships of
Euphorinae come from molecular analyses of higher-level relationships, either among
Ichneumonoidea or Braconidae (Belshaw et al., 2000; Belshaw and Quicke, 2002;
Dowton et al., 1998; Dowton et al., 2002; Pitz et al., 2007; Shi et al., 2005). These
results are illustrated in Figure 2, and each study resulted in dramatically different
relationships. Due to the uncertainty in relationships among euphorine genera, the focus
of this study is to determine monophyletic groups of genera, and provide the phylogenetic
framework for future studies of the subfamily.
Classification of euphorine genera has been a subject of disagreement. Questions
remain about the inclusion or exclusion of various genera. For example, Meteorus and
Zele are commonly treated as the subfamily Meteorinae (Hanson and Gauld, 1995;
Maeto, 1990; Shaw and Huddleston, 1991; Shaw, 1985; Shaw, 1988; Shaw, 2004b;
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Wharton et al., 1997; Zitani et al., 1998) and less frequently treated among Euphorinae as
the tribe Meteorini (Achterberg, 1984; Belokobylskij, 2000b; Chen and van Achterberg,
1997). Most authors would view these two treatments as logically equivalent; there is
little argument that Meteorus and Zele either form the sister-group to Euphorinae or are a
basal clade of Euphorinae. The subjective distinction reflects the author’s views of
morphological and biological differences between these groups. There are also groups of
taxa that have been classified as genera or subgenera by various authors; these treatments
may be seen as cases of “splitting” or “lumping”. For example, different authors consider
the genus Leiophron to include some or all of the taxa of Euphoriana, Euphoriella,
Euphorus, and Peristenus as subgenera. To examine the validity of these groups, taxa
were identified to subgenera whenever possible, and multiple exemplars were included.
In addition, voucher images of nearly all ingroup taxa are available from the on-line
image repository MorphoBank (O'Leary and Kaufman, 2008). These images were
organized into folios labeled by tribe, and can be accessed through a permanent URL in
the format: http://morphobank.org/permalink/?F62 where ‘F62’ is the folio identifier.
The folio identifiers are presented in Table 8, and the folio identifier of type-species and
additional specimens is ‘F71’. Each image was given a permanent unique identifier in
the form of ‘M#####’ and can be accessed through ‘media’ or ‘folios’ for this project.
This study examined the phylogenetic relationships of euphorine genera based upon
three gene regions (partial 18S, partial 28S domains 1-5, and cytochrome oxidase subunit
1) plus 37 adult morphological characters. The data set included representatives from 31
of the 48 recognized and extant genera (Yu et al., 2004-present). Nearly half of the taxa
unable to be included in this study are monotypic (Table 5). Many euphorine taxa exhibit
extreme morphological variation, which is often presumed to increase oviposition
success. These extreme features make such taxa easily diagnosable, and in some cases
have lead to descriptions of monotypic genera.
Based on the results a revised classification of the Euphorinae is proposed that
recognizes 44 genera and 9 tribes (Tables 2, 5, and 8). A summary of proposed changes
are presented in Table 8. Meteorus and Zele are recognized as Meteorinae. Planitorus
and Mannokeraia are included among Euphorinae and comprise the tribe Planitorini.
Cosmophorini, Euphorini, Helorimorphini, Perilitini, Leiophron, and Perilitus are
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redefined. The following synonyms are proposed: Cryptoxilonini and Dinocampini with
Cosmophorini; Myiocephalini and Proclithrophorini with Perilitini; Myiocephalus with
Microctonus; Bracteodes, Falcosyntretus, Sculptosyntretus, Syntretellus,
Syntretomorpha, and Syntretoriana with Syntretus and recognized as subgenera; Perilitus
(Townesilitus) with Microctonus and recognized as a subgenus.

4.2 Materials and Methods

4.2.1 Taxon sampling

The taxon sampling of the ingroup comprised representatives from 31 genera, 13
subgenera, and 12 tribes recognized by Yu et al. (2004-present) (Table 2). The genus
Falcosyntretus was synonymized with Syntretus (Achterberg and Haeselbarth, 2003), and
the genus Lecythodella was synonymized with Streblocera (Ku, 1997; Muesebeck,
1936). In this study both junior synonyms were treated as subgenera. Molecular and
morphological characters were scored for each terminal taxon. Ten species from
Ichneumonidae and Braconidae were selected as outgroups: Pimpla aequalis Provancher,
Lymeon orbus Say, Wroughtonia sp., Homolobus sp., Diospilus sp., Charmon sp.,
Macrocentrus sp., Orgilus sp., Stantonia sp., and Cenocoelius ashmeadii Dalla Torre.
All analyses were rooted with Pimpla aequalis.

4.2.2 Molecular methods

Total DNA was extracted from single dry or ethanol-preserved specimens,
following the Qiagen protocol from the DNeasy™ Tissue Kit (Qiagen, Valencia, CA).
Vouchers were deposited at the University of Kentucky in the Hymenoptera Institute
Collection. Primer sequences and polymerase chain reaction protocols are presented in
Table 3. Specimens with DNA voucher prefixes BJS###, JS###, and DM### were
extracted by Barbara Sharanowski, Jessie Sherman, and Debra Murray respectively as
part of on-going research on braconid phylogenetics, and followed the same protocols as
above. Sequence data from seven specimens with DNA voucher prefix BJS### were
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provided by Barbara Sharanowski, and followed the same PCR protocol as above. The
polymerase chain reaction products were purified and sequenced at the Advanced
Genetic Technologies Center at the University of Kentucky. Sequences were assembled
and edited with Invitrogen Vector NTI software v.9.

4.2.3 Molecular data

DNA sequences were generated for three genes: partial 28S domains 1-5 (rDNA),
partial 18S (rDNA), and the barcoding region of CO1 (mitochondrial mt-DNA) (Table 3).
These genes have been used in previous studies of braconid phylogenetics at various
levels (Belshaw et al., 2000; Belshaw and Quicke, 2002; Dowton et al., 2002). The CO1
gene was aligned with the program MUSCLE (Edgar, 2004). The rDNA (28S and 18S)
were aligned separately, and with two different methods; either automated with
MUSCLE or manually by secondary structure. Results from analyses of both alignments
are presented, and results from all analyses are presented in Figures 3-10. The secondary
structure alignment followed the methods outlined in the jRNA website (Yoder and
Gillespie, 2004-present). The initial alignment followed the secondary structure model of
Ichneumonoidea (Gillespie et al., 2005). The alignment was then checked for
compensatory base pairing, and adjusted accordingly. This was further refined by using
the mfold v3.2 webserver (Zuker, 2003) to determine compensatory base pairing. To
include regions of ambiguous alignment, each region was extracted from the data set,
aligned with MUSCLE, and reinserted into the alignment. All output from MUSCLE
alignments were returned in the same taxon order as the input. To remove subjectivity
during secondary structure alignment, an internal code was used in place of taxon names,
and the genera were intermixed to prevent any predetermined taxonomic relationships to
bias the manual alignment. Thus, any errors uncovered in the secondary structure
alignment are unintentional and taxonomically unbiased. Gaps were treated as missing
data in all analyses.
For all analyses, third positions of COI were removed. Chi-square test of
homogeneity of base frequencies across taxa indicated significant heterogeneity at the
third codon position (1st position: Chi-square = 117.768188 (df=207), P = 0.99999991;
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2nd position: Chi-square = 40.317575 (df=207), P = 1.00000000; 3rd position: Chisquare = 1491.226006 (df=207), P = 0.00000000). This test was performed with the
program Paup* 4.0b10 (Swofford, 2000). The third codon position of COI failed the test
for base composition homogeneity, which is an assumption of the GTR model.

4.2.4 Morphological and biological data

For each terminal taxon 37 morphological characters were scored. In one case
morphology was scored for a different taxon than was sequenced, i.e. the sequences for
Ropalophorus sp. were acquired from GenBank and morphology was scored from a
specimen of Ropalophorus clavicornis (Wesmael). Many morphological characters in
this study were based on characters from Shaw (1985; 1987), however in most cases the
character and/or character states were refined. Characters 6, 8, 11, 12, 14, 15, 27, 28, 29,
34, 35, 36, and 37 are novel. All morphological characters were treated as unordered.
The morphological data matrix is presented in Appendix I, and the characters and
character states are presented in Appendix II. Morphological terminology follows
Sharkey and Wharton (1997).
Host association data are from the program Taxapad (Yu et al., 2004-present).
Results of phylogenetic analyses were imported into Mesquite v2.72 (Maddison and
Maddison, 2009). Groundplan host associations for each terminal taxon were coded postphylogenetic analysis (see Table 2), and optimized by parsimony reconstruction of
ancestral states.
There are two groups in which the determination of groundplan host associations
are not straight-forward. Species of Meteorus parasitize larval Lepidoptera, larval
Coleoptera, or both (e.g. M. humilis (Cresson))(Marsh, 1979; Muesebeck, 1923). The
specimens of Meteorus in this study were not identified to species, but each was
determined to be “near” a species by Julia Stigenberg at Stockholm University. Host
records of the associated species were used to code the host association of Meteorus
specimens in this study. There was also difficulty determining the hosts for specimens of
Euphorini. The host range of Euphorini includes Coleoptera, Hemiptera, and Psocoptera.
Some groups of Euphorini have host records for two different orders, e.g. Leiophron
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(Euphorus) fulvipes Curtis and L. (E.) similis Curtis have host records for adult
Coleoptera and Psocoptera (Yu et al., 2004-present). These are the only species of the
subgenus Euphorus with host records for adult Coleoptera, and both species also have
host records for Psocoptera. Additionally, Leiophron (Leiophron) spp. have host records
of Hemiptera and Psocoptera, though L. (L.) psocivora Tobias is the only species of the
subgenus Leiophron with a host record for Psocoptera (Yu et al., 2004-present). The
groundplan host associations for specimens of Euphorini were determined by the number
of species with host records for an order. For example, there are 43 species of Peristenus
with host records for Hemiptera and 3 species with host records for adult Coleoptera (Yu
et al., 2004-present). All three species of Peristenus with host records of adult
Coleoptera also have host records for Hemiptera (P. accincta Haliday, P. orchesiae
Curtis, P. pallipes Curtis) (Yu et al., 2004-present). Therefore in this study, specimens of
Peristenus were coded with a groundplan host association of Hemiptera.

4.2.5 Phylogenetic analyses

Phylogenetic analyses were performed with both parsimony and Bayesian
methods. Parsimony analyses used TNT v.1.1 (Goloboff et al., 2003) and Bayesian
analyses used MRBAYES v.3.1.2 (Huelsenbeck and Ronquist, 2001).
The eight analyses for this study were designed to compare the results from
variations in alignment, inclusion or exclusion of morphological data, and optimization
by parsimony or Bayesian inference (Table 4).

4.2.6 Parsimony

All parsimony analyses used a heuristic search with 1,000 random sequence
additions, and branch swapping by tree bisection and reconnection. Only the best tree
was kept for each replication. Multiple most parsimonious trees were summarized with a
strict consensus tree. Standard bootstrap values were computed from 500 replicates of
250 random sequence additions, keeping one tree per replication. All bootstrap values
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were reported; nodes that lacked bootstrap values were not returned from the bootstrap
analysis.

4.2.7 Bayesian inference

The performance of 24 substitution models were analyzed using mrmodeltest v2.3
(Nylander, 2004) implemented in PAUP* 4.0b10 (Swofford, 2000). The GTR + G + I
model was selected based upon the scores of the hierarchal likelihood ratio and Akaike
information criterion tests.
The analyses were partitioned by gene (18S, 28S, and CO1). When the analysis
included morphology, this data was partitioned and used the ‘standard discrete’
(morphology) model for the morphology partition. The parameters ‘pinvar’, ‘revmat’,
‘shape’, and ‘statefreq’ were unlinked between partitions.
Each Bayesian analysis ran for a minimum of 3,000,000 generations, sampling
every 500 generations. Two independent runs were performed during each analysis, with
4 chains per run. Analyses ran until the convergence diagnostic of the two independent
runs reached 0.01, and stopped at 10,000,000 generations if the convergence diagnostic
had not reached 0.01. The ‘burn-in’ value was set at 25% of the sampled trees.
4.3 Results

4.3.1 Phylogenetic analyses

Results of phylogenetic analyses are presented in Figures 3-10. Table 4 also
reports support values for higher-level relationships; support values were reported when
the group in question was monophyletic, or when the group was monophyletic except for
the inclusion of outgroup taxa, which were obviously misplaced (e.g. analysis 4).
Parsimony analyses provided more resolution between tribes than Bayesian analyses.
The variation of intertribal relationships between parsimony and Bayesian analyses was
greater than the variation within. For this reason, the description of parsimony and
Bayesian results are presented separately.
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Analysis 1 (Figs 3 and 11) resulted in the preferred tree from parsimony analysis
because it presented no questionable relationships (see section 3.4.1 below). Analysis 1
returned Centistini and Planitorini in a sister-group relationship at the base of
Euphorinae. Analyses 2, 3, and 4 provided the only results that placed Planitorini outside
the Euphorinae. The remaining Euphorinae formed the relationship (Cosmophorini + (((
Helorimorphini + (Neoneurini + Syntretini)) + (Euphorini + Perilitini)))) from analysis 1.
The results from analyses 2, 3, and 4 were considered less preferred because questionable
relationships were returned.
Bayesian analyses 5, 6, and 7 resulted in nearly identical topologies between
tribes. The primary difference was whether Planitorini formed a sister-group relationship
with Centistini (Figs 7 and 9), or a sister-group relationship to all other Euphorinae (Fig.
8). Analyses 5, 6, and 7 resulted in a polytomy of Cosmophorini + (Neoneurini +
Syntretini) + (Helorimorphini + (Euphorini + Perilitini)). All Bayesian results returned
the relationship Helorimorphini + (Euphorini + Perilitini). Analysis 8 did not reach
convergence and should be given little consideration.
There were two primary differences between the results of parsimony and
Bayesian analyses. The Helorimorphini were the sister-group to (Neoneurini +
Syntretini) in the preferred parsimony analysis, but sister-group to (Euphorini + Perilitini)
in the preferred Bayesian analyses. Also, Bayesian analyses resulted in a polytomy of
Cosmophorini + (Neoneurini + Syntretini) + (Helorimorphini + (Euphorini + Perilitini)).
This relationship was resolved in the preferred parsimony analysis.
The tree topologies suggest a revised classification for the Euphorinae,
summarized in Tables 2, 5, and 8. The results indicate recognizing 9 tribes and 44
genera. Some taxa were unable to be included in this study (Table 5); these groups were
assumed to be valid with the exceptions of Sculptosyntretus and Syntretoriana (see
discussion under Syntretini for explanation).

4.4 Discussion

4.4.1 Analysis permutations
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Overall, the tribal groups were composed of the same genera, often with high
support (Table 4). The only variations in the genera that comprise each tribal group
appear to come from questionable relationships (see below). There was also variation in
tribal relationships among analyses. These variations are probably due to relatively short
internal branches (data not shown). This is further indicated by lower bootstrap support
at internal branches, and from nodes not returned from the bootstrap analysis (those
nodes without bootstrap values).
Questionable relationships are defined here to be those that occur in a minority of
analyses, and have some indication that the topology is due to an artifact of the data,
method of analysis, or both. These may be the results of taxa with long branches,
missing data, some undetermined source, or a combination of these. All of the
questionable relationships discussed below occurred in the results of parsimony analyses.
The taxon Cenocoelius asmeadii has a long branch, and in analyses 3 and 4 forms a
doubtful relationship with Syntretus (Syntretellus) spp.; this relationship only occurred in
parsimony analyses that excluded morphology. The taxon Stenothremma sp. has a long
branch, and in analysis 4 it was returned near the base of the tree. This is the only
instance where Stenothremma sp. occurred outside of the Helorimorphini, and this is
possibly due to long-branch attraction, an artifact of MUSCLE alignment, the exclusion
of morphological characters, or a combination of these. The taxon Ropalophorus sp.
lacks data for the 28S D1-2 gene region and COI (Table 2), and in analyses 2 and 4 it
formed a questionable relationship as sister-group to Helorimorphini. This is possibly
due to missing data, an artifact of MUSCLE alignment, an undetermined source, or a
combination of these. In all other analyses, Ropalophorus was returned among the
Cosmophorini.
Analysis 8 did not reach convergence, as indicated by the standard deviation of
split frequencies (Table 4). After extending the analysis to 30,000,000 generations, the
standard deviation of split frequencies did not improve; reaching convergence in the
Bayesian analysis of MUSCLE aligned DNA data may require extensive computational
time.

4.4.2 Ancestral state reconstruction of host associations (Figs 11 and 12).
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Ambiguous nodes are defined here as those with multiple most parsimonious
resolutions. ACCTRAN or DELTRAN optimizations have been used in the past to
resolve ambiguous reconstructions, but those approaches only present the two extremes
of many equally valid optimizations. The reconstructions at nodes 19 and 20 (Fig. 11)
and nodes 15 and 16 (Fig. 12) were ambiguously reconstructed as either adult Coleoptera
or Hemiptera. The overlap in host associations among tribes (Tables 6 and 7) offered
additional evidence to resolve these ambiguous nodes. For example, Helorimorphini and
Euphorini both parasitize Hemiptera, but there is no overlap in the families these tribes
parasitize (Table 6). Furthermore, Centistini, Cosmophorini, Euphorini, Meteorinae, and
Perilitini all have host records for adult Coleoptera with considerable overlap in the
families, genera, and species of hosts they parasitize (Table 7). This evidence suggests
resolving these ambiguous nodes as parasitizing adult Coleoptera, and that parasitizing
adult Coleoptera led to the origins of utilizing adult and nymphal hosts from other orders.
A conservative approach was taken to color-code figures 11 and 12 to show the
ambiguity rather than the additional resolution inferred by the overlap in host association.
The following discussion uses the strength of this inference to describe transitions in host
association.
In summary, the results from ancestral state reconstruction implied a single origin
of parasitizing adult Coleoptera, adult Hymenoptera, and adult Neuroptera. It also
implied two independent origins of parasitizing Hemiptera. There was some indication
for a single origin of parasitizing Psocoptera (Fig. 12), though the lack of resolution
among specimens of Leiophron in Fig. 11 invites further examination. The most
parsimonious reconstruction of this character for analysis 1 and 6 required 12 and 10
steps respectively.
Following the reconstruction for analysis 1 (Fig. 11), parasitizing adult Coleoptera
was derived from parasitizing larval Lepidoptera. Though their biology is unknown,
Planitorus and Mannokeraia (Planitorini) were inferred to be parasitoids of adult
Coleoptera (Fig. 11). The reconstruction for analysis 6 (Fig. 12), showed the transition to
parasitizing adult hosts was equivocal because the host(s) of Planitorini is unknown. It is
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possible that the ancestor of the Planitorini and the remaining Euphorinae could mark the
transition to parasitizing adult Coleoptera.
Parasitizing adult Coleoptera within the Cosmophorini was symplesiomorphic in
both reconstructions. The Cosmophorini genera Betelgeuse, Ecclitura, and Tuberidelus
have unknown biologies, and were inferred to be parasitoids of adult Coleoptera.
Nodes 19 and 20 (Fig. 11) and nodes 15 and 16 (Fig. 12) were ambiguous for
parasitizing either adult Hemiptera or adult Coleoptera, though inferred here to be
reconstructed as adult Coleoptera (see explanation above). The reconstructions at node
81 (Fig. 11) and node 83 (Fig. 12) were also inferred to be derived from parasitizing adult
Coleoptera, but the host transitions after these nodes were reconstructed equivocally for
adult Coleoptera, Hemiptera, Neuroptera, or Hymenoptera. All optimal reconstructions
showed a single origin of parasitizing adult Hemiptera and Neuroptera within
Helorimorphini, though there was ambiguity for what host order was derived from
parasitizing the other. There are currently no host records for Stenothremma and this
information could help resolve host transitions within Helorimorphini (Fig. 11, nodes 82,
92; Fig. 12, nodes 83, 84).
Both reconstructions indicated a single origin of parasitizing adult Hymenoptera
for Syntretini + Neoneurini. The hosts of Syntretus (Syntretellus) and the specimen
identified as Syntretus (near Bracteodes) (both Syntretini) are unknown, and were
inferred to be parasitoids of adult Hymenoptera.
Reconstruction for the Euphorini at node 17 in figure 12 showed a single origin of
parasitizing adult Hemiptera. In figure 12, nodes 24 or 26 indicate a single transition
from parasitizing adult Hemiptera to parasitizing Psocoptera. The lack of resolution
among species of Leiophron at node 22 (Fig. 11) precluded corroborating support.
Parasitizing adult Hemiptera within Euphorini was inferred to occur independent of
parasitizing adult Hemiptera in Helorimorphini.
Parasitizing adult Coleoptera among Perilitini was inferred to be
symplesiomorphic. Specimens identified as Microctonus (near Myiocephalus) and “near
Marshiella / Streblocera were inferred to be parasitoids of adult Coleoptera as well as the
genera Orionis, Proclithrophorus, and Streblocera (Lecythodella) garleppi (Enderlein);
none of which have known hosts.
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4.4.3 Proposed tribal arrangement

Meteorinae, Cresson 1887

The Meteorinae include the genera Meteorus and Zele. The results from analyses
1, 5, 6, and 7 showed it is logically equivalent to recognize either Meteorinae or
Meteorini (Euphorinae). Here they are treated as a subfamily. The subjective decision
recognizes Meteorinae as parasitoids of larval Coleoptera and Lepidoptera, and
Euphorinae as parasitoids of adult and nymphal insects. Analyses 1 and 2 recovered
Meteorus and Zele as sister-taxa and all other analyses found Meteorus to be rendered
paraphyletic by Zele, which is consistent with the analysis of Belshaw and Quicke
(2002).
Zele parasitizes larval Lepidoptera, and Meteorus parasitize larval Lepidoptera,
larval Coleoptera, or both. In this study, four Meteorus specimens were inferred as
parasitoids of larval Lepidoptera, and one specimen was inferred to parasitize both larval
Lepidoptera and larval Coleoptera (Table 2). There were not enough representative
Meteorinae taxa in this study to rigorously examine if parasitizing larval Coleoptera was
derived from parasitizing larval Lepidoptera, or vice versa. This study implies
parasitizing adult Coleoptera in the Euphorinae was derived from a common ancestor
with Meteorinae that parasitized larval Lepidoptera.

Euphorinae, Förster 1862

The Euphorinae include the tribes Centistini, Cosmophorini, Euphorini,
Helorimorphini, Neoneurini, Perilitini, Planitorini, Syntretini, and Tainitermini. Analyses
1, 5, and 7 supported including the Planitorini from the Euphorinae, and analysis 6
returned the Planitorini among the Euphorinae as the sister-group to the remaining
Euphorinae. With some uncertainty about the inclusion or exclusion of Planitorini
among Euphorinae, they are included until additional evidence indicates otherwise.
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A summary of changes to the classification of Euphorinae can be found in Table
8. The specimens for this study well-represent the diversity of the tribes, though some
genera were unable to be included. The probable placements of those genera are listed in
Table 5, discussed under each tribal heading, and are based on comparison of
morphological similarity of type-specimens with other genera of the tribe. In some cases
type-specimens were unavailable, and either non-type specimens or the original
descriptions were used for comparison (Table 5). The Ecnomiinae genera Ecnomios and
Korecnomios were also unable to be included in this study, and there is some indication
that they should be placed among the Euphorinae. In the separate analysis of a multigene dataset, Sharanowski (2009, see Fig. 3.10) found Ecnomios among Euphorinae as
the sister-group to Leiophron.

Centistini, Capek 1970

Shaw (1985) included Allurus, Centistes, Pygostolus, and Spathicopis within
Centistini; Belokobylskij (2004) included Asiacentistes; van Achterberg (Achterberg,
1985; 1992) included Litostolus and Centistoides respectively. Specimens of Allurus,
Asiacentistes, and Centistoides were unable to be included, though holotypes and
additional specimens were examined and these genera should be included in Centistini.
Specimens of the genera Litostolus, Pygostolus, and Spathicopis were also unable to be
included, and after examining holotypes of these genera their inclusion among Centistini
seemed slightly questionable. Allurus, Asiacentistes (M34059), Centistes (M35259), and
Centistoides (M34160) all have immobile cerci and a reduced ventral proctigeral sclerite,
while Litostolus, Pygostolus, and Spathicopis have mobile cerci and a ventral proctigeral
sclerite of typical size and shape. In addition, results of the phylogenetic analysis by
Belshaw and Quicke (2002) found Pygostolus and Centistes in different clades (Fig. 2D).
Here they are included among Centistini, though this relationship deserves further
examination.
All specimens of Centistini for this study were from the genus Centistes. The
monophyly of Centistes was well supported in all analyses, though Centistes
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(Ancylocentrus) always formed a paraphyletic group. Analyses 1, 2, 5, and 6 showed
exactly the same topology for specimens of Centistes.
The information for overlapping host associations in tables 6 and 7 excluded host
records for Pygostolus (Litostolus and Spathicopis have no host records). There are
records of Pygostolus parasitizing Coleoptera in the families Cerambycidae,
Chrysomelidae, and Curculionidae; Hymenoptera in the families Argidae, Braconidae,
and Tenthredinidae; Lepidoptera in the families Depressariidae, Notodontidae,
Psychidae, and Tortricidae. The Centistini otherwise parasitize adult Coleoptera of the
families Anthicidae, Carabidae, Chrysomelidae, Coccinellidae, Curculionidae, and
Staphylinidae (Table 6).

Cosmophorini, Muesebeck and Walkley 1951

Van Achterberg and Quicke (2000) included Cosmophorus and Sinuatophorus
within the Cosmophorini. Here I redefine Cosmophorini to also include: Betelgeuse,
Centistina, Dinocampus, and Ropalophorus (transferred from Dinocampini); Cryptoxilos
and Plynops (transferred from Euphorini); Ecclitura and Tuberidelus (transferred from
Perilitini).
The same intergeneric relationship within Cosmophorini was returned from nearly
all analyses, though the position of Ropalophorus varied in analyses 2 and 4. There was
higher support for the monophyly of Cosmophorini from Bayesian analyses than from
parsimony analyses. This lack of support could be due to the amount of missing data for
the taxon Ropalophorus (Table 2).
The Cosmophorini are parasitoids of adult Coleoptera in the families
Chrysomelidae, Coccinellidae, Curculionidae, and Nitidulidae (Table 6).

Euphorini, Förster 1862

To avoid confusion, it seems essential to preface this section by mentioning that
the taxa Euphoriana, Euphoriella, Euphorus, and Peristenus have all at some point, in a
variety of combinations, been synonymized with Leiophron. Euphoriana was designated
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as a new genus by Gahan (1913), then synonymized with Leiophron by Loan (1974).
Chen and van Achterberg (1997) redefined Leiophron to recognize Euphoriana as a
subgenus of Leiophron, and Belokobylskij (2000a) revised Leiophron and transferred a
number of species to Leiophron (Euphoriana). Euphoriella was originally described by
Ashmead (1900), then Chen and van Achterberg (1997) synonymized Euphoriella with
Leiophron and recognized it as a subgenus of Leiophron. Euphorus was originally
described by Nees von Esenbeck (1834); Muesebeck (1936) synonymized Peristenus
with Euphorus and later synonymized Euphorus with Leiophron (Peristenus was later
resurrected in an undetermined source) (Muesebeck, 1958), then Chen and van
Achterberg (1997) resurrected Euphorus, and finally Belokobylskij (2000a) synonymized
Euphorus with Leiophron as a subgenus. Peristenus was described by Forster (1862),
then synonymized with Leiophron and recognized as a subgenus by Tobias (1986), then
recognized as a genus by Shaw (1987), then synonymized with Leiophron as a subgenus
by Papp (1992). Chen and van Achterberg (1997) resurrected Peristenus, and finally
Belokobylskij (Belokobylskij, 2000a) synonymized Peristenus with Leiophron as a
subgenus. This is all to say that the inclusive taxa of Leiophron can vary depending upon
the author’s treatment of the genus.
Shaw (1985; 1996) included the genera Aridelus, Chrysopophthorus, Cryptoxilos,
Euphoriella, Holdawayella, Leiophron, Peristenus, Plynops, Stenothremma, and
Wesmaelia within Euphorini; Belokobylskij included Mama, transferred Aridelus to
Helorimorphini (2000a), synonymized Peristenus with Leiophron, and redefined
Leiophron to include Peristenus as a subgenus (Belokobylskij, 2000c). Chen and van
Achterberg (1997) elevated Euphorus to genus, synonymized Euphoriana and
Euphoriella with Leiophron, and recognized Euphoriana and Euphoriella as subgenera
of Leiophron. Here I redefine Euphorini to exclude Chrysopophthorus, Cryptoxilos,
Plynops, Stenothremma, and Wesmaelia. The results of the phylogenetic analyses
presented here strongly support having the Euphorini restricted to the genera Leiophron
and Peristenus, and after examining type-material of Holdawayella and Mama I suggest
these genera should be included as well. Furthermore, the classification of Euphoriana,
Euphoriella, Euphorus, as genera or subgenera of Leiophron remains unsettled and are
treated here as subgenera of Leiophron. Specimens of Euphorini used in this study were
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identified to the most refined level possible in order to examine potential monophyletic
groups. The identification key and diagnostic characters presented in Chen and van
Achterberg (1997) were sometimes problematic. In particular, key couplet 22 posed
qualifiers and exceptions that prevented unambiguous identification of all specimens
included in these analyses. It was particularly difficult to distinguish Euphorus spp. and
Leiophron (Leiophron) spp., and one specimen was identified as Leiophron (Euphorus /
Leiophron) because it exhibited characteristics of both groups (e.g. fore wing vein
(RS+M)a present, hind wing vein cu-a absent, occipital carina interrupted dorsally)
(M34740, M34250). Peristenus and Leiophron form monophyletic groups with high
support in all analyses. Some analyses returned a poor resolution within Leiophron (e.g.
Fig. 3) and the interrelationships among Leiophron specimens varied between analyses.
The Euphorini parasitize Coleoptera in the families Chrysomelidae,
Curculionidae, Melandryidae, and Nitidulidae; Hemiptera in the families Cicadellidae,
Lygaeidae, Miridae, and Tingidae; Psocoptera in the families Caeciliusidae, Elipsocidae,
Lachesillidae, Mesopsocidae, Peripsocidae, and Psocidae.

Helorimorphini, Schmiedeknecht 1907

Belokobylskij (2000a) included the genera Aridelus and Ussuraridelus within
Helorimorphini. Here, I redefine the Helorimorphini to also include the genera
Chrysopophthorus, Stenothremma, and Wesmaelia (transferred from Euphorini). Though
unable to be included in this study, the genus Ussuraridelus appears similar to Aridelus
and should be included as well. The presence of a setal comb on the inner apex of the
hind tibia (character 15) is a putative synapomorphy of the Helorimorphini.
There was little variation of intergeneric relationships within Helorimorphini; the
two common relationships are exemplified in figures 3 and 8. Parsimony analyses
commonly returned a sister-group relationship between Helorimorphini and (Syntretini +
Neoneurini), and Bayesian analyses typically returned a sister-group relationship between
Helorimorphini and (Euphorini + Perilitini).
The Helorimorphini parasitize Neuroptera in the family Chrysopidae and
Hemiptera in the families Acanthosomatidae, Nabidae, Pentatomidae, Plataspidae, and
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Scutelleridae. The biology of the genus Stenothremma is unknown; determining the host
of this genus could help resolve ambiguity for transitions in host associations within this
tribe.

Neoneurini, Bengtsson 1918

Belokobylskij (2000a) include the genera Elasmosoma, Euneoneurus,
Kollasmosoma, and Neoneurus, Parelasmosoma, and Sinoneoneurus within the
Neoneurini. I agree with this classification, and although unable to be included in this
study the genera Euneoneurus, Parelasmosoma, and Sinoneoneurus should be included
among the Neoneurini.
The monophyly of this tribe was well-supported in all analyses (Table 4).
Elasmosoma was returned paraphyletic in all analyses. Most analyses showed a sistergroup relationship between Neoneurini and Syntretini with positive support (Table 4).
The Neoneurini parasitize adult worker ants (Formicidae). The sister-group
relationship with Syntretini indicates a single origin of parasitizing adult Hymenoptera.

Perilitini, Förster 1862

Belokobylskij (2000a) included Ecclitura, Heia, Marshiella, Orionis, Perilitus,
Rilipertus, Streblocera, and Tuberidelus within Perilitini. Belokobylskij (2000a) also
synonymized Microctonus and Townesilitus as subgenera of Perilitus. Here I redefine
Perilitini to exclude Ecclitura and Tuberidelus. I also include Proclithrophorus
(transferred from Proclithrophorini), recognize Microctonus, synonymise Myiocephalus
and Perilitus (Townesilitus) with Microctonus, and recognize Townesilitus as a subgenus
of Microctonus. The genera Heia and Rilipertus were unable to be included in this study,
but I agree with their inclusion because they exhibit morphological features consistent
with other Perilitini.
Some authors have treated Microctonus as a subgenus of Perilitus. The results of
all analyses indicate that Microctonus and Perilitus form separate monophyletic groups
with Orionis as the sister-group to Microctonus. All results showed nearly the same
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topology within the clade containing Perilitus, Orionis, and Microctonus. There was also
indication that the genus Myiocephalus belongs to the Perilitini and should be
synonymized with Microctonus. Two specimens of Microctonus included in this study
exhibited features similar to Myiocephalus; Microctonus sp. 7 have eyes that bulge
beyond the frons but otherwise appear as Microctonus (M48602, M34743, M34745), and
Microctonus sp. 8 has normal eyes but the abdomen has features similar to Myiocephalus
(M34725, M34723). I therefore propose the synonymy of Myiocephalus with
Microctonus n. syn.
The genus Proclithrophorus exhibits head morphology similar to Cosmophorus
(Cosmophorini), though all results indicate this to be a member of Perilitini. It has been
suggested by Tobias and Belokobylskij (1981) and Shaw (1985) that Proclithrophorus is
closely related to Microctonus or Streblocera and results from this study indicate
Proclithrophorus belongs in a clade with Streblocera and Marshiella.
Another specimen was determined as “near Marshiella / Streblocera” because it
exhibited characteristics of both genera (M48598, M48594, M48595, M48599). The
interrelationships in the clade containing Marshiella, Proclithrophorus, Streblocera, and
the specimen with similarities to Streblocera and Marshiella varied between analyses,
and await further examination before any revised classification is suggested.
The Perilitini parasitize adult Coleoptera in the families Anthicidae, Brentidae,
Carabidae, Cerambycidae, Chrysomelidae, Coccinellidae, Melandryidae, Nitidulidae, and
Tenebrionidae. Blackith (1967) reported rearing specimens of Perilitus morabinarum
Blackith from wild-caught adult Orthoptera in the family Eumastacidae. In his report,
specimens were reared from hosts collected in multiple locations of Australia. Reared
specimens of Perilitus morabinarum were observed ovipositing into lab-reared
orthopteran hosts, and the progeny fully developed. Though this was the only study to
examine this host association, it appears to be a thoroughly valid record.

Planitorini, van Achterberg 1995

The Planitorini include the genera Planitorus and Mannokeraia. These genera are
endemic to Australia, and have unknown biologies. One species of Mannokeraia has
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been described, which is an apterous female. Additional specimens have been collected
and included in the study. These species, yet to be described, are winged and show
strong sexual dimorphism (female: M34277, M34278, M34279, M34272; male: M34283,
M34293, M34295, M34284). Planitorus and Mannokeraia were originally described as
members of Betylobraconinae and Masoninae respectively (van Achterberg, 1995). The
first evidence for including Mannokeraia and Planitorus among Euphorinae come from
Belshaw and Quicke (2002) and Sharanowski (2009). The monophyly of Planitorini was
well-supported in all analyses. The sister-group relationship between Centistini and
Planitorini was weakly-supported in analyses 1, 5, and 7.
Given the Planitorini was returned at various positions in different analyses and
the group’s biology is mostly unknown, the discovery of their biology will have an
important bearing on interpreting transitions in host associations. Analysis 1 infers this
group to parasitize adult Coleoptera. Analysis 6 shows the possibility that the ancestor of
the Planitorini and remaining Euphorinae could mark the transition to parasitizing adult
Coleoptera.

Syntretini, Shaw 1985

Shaw (1985) included Bracteodes, Falcosyntretus, Syntretellus, Syntretomorpha,
Syntretoriana, and Syntretus within Syntretini; Belokobylskij (1993; 1998; 2000a)
included Sculptosyntretus and Exosyntretus and recognized Parasyntretus as a subgenus
of Syntretus. Van Achterberg and Haeselbarth (2003) synonymized Exosyntretus,
Falcosyntretus and Parasyntretus with Syntretus, provisionally recognized Exosyntretus
as a subgenus of Syntretus, and suggested synonymizing Sculptosyntretus with Syntretus.
Here I synonymize Bracteodes, Exosyntretus, Falcosyntretus, Parasyntretus,
Sculptosyntretus, Syntretellus, Syntretomorpha, and Syntretoriana with Syntretus and
recognize all as subgenera of Syntretus. Specimens of Sculptosyntretus and
Syntretoriana were unable to be included in this study, but exhibit characteristics of
Syntretini. I synonymise these monotypic genera because they appear to be exceptional
species of Syntretus with notable autapomorphies. The synonymy of Sculptosyntretus
with Syntretus was suggested by van Achterberg and Haeselbarth (2003).
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There were minor variations in topology of Syntretini between analyses 1, 2, 5, 6,
and 7, with more similar results among variations by the same method of analysis. The
genera Bracteodes, Sculptosyntretus, Syntretomorpha, and Syntretoriana (sensu
Belokobylskij, 1993; Shaw, 1985) are monotypic and have traditionally been included
among Syntretini. Because the Syntretini have numerous morphological synapomorphies
the inclusion of these genera is not in question, but there is some indication that
recognizing these genera renders Syntretus paraphyletic. Specimens similar to
Bracteodes and Syntretomorpha were included in this study, and all results found
Syntretus (sensu van Achterberg and Haeselbarth, 2003) paraphyletic in regard to these
specimens. Syntretellus also rendered Syntretus (sensu van Achterberg and Haeselbarth,
2003) paraphyletic in most analyses. I therefore propose synonymizing all Syntretini
genera under Syntretus, and recognizing Bracteodes, Exosyntretus, Falcosyntretus,
Parasyntretus, Sculptosyntretus, Syntretellus, Syntretomorpha, and Syntretoriana as
subgenera of Syntretus until further examination of the monophyly of Syntretini indicate
otherwise.
The Syntretini parasitize Hymenoptera in the families Apidae and Ichneumonidae.
The sister-group relationship of Syntretini + Neoneurini indicates a single origin of
parasitizing adult Hymenoptera.

Tainitermini, van Achterberg 2001

The Tainitermini is a monotypic tribe based on Tainiterma pachytarsis van
Achterberg and Shaw. There were no specimens available for this study and the biology
of this species is unknown.

Copyright © Charles Andrew Boring 2010
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Table 1. Summary of tribal classification from Shaw 1985.
Subfamily Meteorinae Cresson
Meteorus Haliday
Subfamily Euphorinae Foerster
Section 1
Eadya Huddleston & Short
Section 2
Tribus Perilitini Foerster
Perilitus Nees
Tribus Dinocampini Shaw, trib. nov.
Centistina Enderlein
Dinocampus Foerster
Ropalophorus Curtis
Tribus Euphorini Foerster
Stenothremma Shaw
Chrysopophthorus Goidanich
Wesmaelia Foerster
Aridelus Marshall
Peristenus Foerster
Leiophron Nees
Holdawayella Loan
Cryptoxilos Viereck
Euphoriella Ashmead
Section 3
Tribus Townesilitini Shaw trib. nov.
Townesilitus Haeselbarth & Loan
Marshiella Shaw, gen. nov.
Tribus Microctonini Shaw, trib. nov.
Microctonus Wesmael
Proclithrophorus Tobias & Belokobylskij
Streblocera Westwood
Ecclitura Kokujev
Tribus Centistini Capek
Spathicopis van Achterberg
Pygostolus Haliday
Allurus Foerster
Centistes Haliday
Tribus Loxocephalini Shaw, trib. nov.
Loxocephalus Foerster
Tribus Cosmophorini Muesebeck & Walkley
Cosmophorus Ratzburg
Tribus Syntretini Shaw, trib. nov.
Syntretomorpha Papp
Bracteodes De Saeger
Syntretus Foerster
Syntretoriana Parrot
Syntretellus De Saeger
Falcosyntretus Tobias
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Table 2. Description of specimen information and dataset.
Taxon group
Outgroup
Ichneumonidae
Ichneumonidae
Cenocoeliinae
Charmontinae
Helconinae
Helconinae
Homolobinae
Macrocentrinae
Orgilinae
Orgilinae
Meteorinae
Meteorinae
Meteorinae
Meteorinae
Meteorinae
Ingroup
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae

DNA
Voucher #

18s

28sD1-2

28sD3-5

CO1

Pimpla aequalis
Lymeon orbus
Cenocoelius ashmeadii
Charmon sp.
Diospilus sp. 2
Wroughtonia sp. 1
Homolobus sp.
Macrocentrus sp.
Orgilus sp.
Stantonia sp.
Meteorus sp. 1 nr. M. micropterus
Meteorus sp. 2 nr. M. cinctellus
Meteorus sp. 3 nr. M. obsoletus

DM094
DM093
AB038
JS012
BJS020
BJS001
JS027
DM089
JS147
JS017
BJS107
JS010
AB034

X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X

USA
USA
USA
USA
France
USA
USA
USA
South Africa
USA
Thailand
USA
Chile

Meteorus sp. 5 nr. M. humilis
Zele sp.

JS022
AB040

X
X

X
-

X
X

X
X

X
X

Colombia
USA

Larval Coleoptera
Larval Lepidoptera
Larval Coleoptera
Larval Coleoptera
Larval Lepidoptera
Larval Lepidoptera
Larval Lepidoptera
Larval Lepidoptera
Larval Lepidoptera
Larval Lepidoptera
Larval Lepidoptera
Larval Lepidoptera
and Coleoptera
Larval Lepidoptera

Centistes (Ancylocentrus ) sp. 1
Centistes (Ancylocentrus ) sp. 2
Centistes (Centistes ) sp. 4
Centistes (Chaetocentistes ) sp. 5
Centistes (Syrrhizus ) sp. 7
Centistes sp. 3
Centistes sp. 6
Betelgeuse sp.
Centistina sp.
Cosmophorus sp.
Cryptoxylos sp. 1
Cryptoxylos sp. 2
Dinocampus coccinellae
Ecciltura sp.
Plynops hansoni
Plynops sp. 1
Ropalophorus sp.
Sinuatophorus sp.
Tuberidelus flavicephalus
Leiophron (Euphoriana ) sp. 2
Leiophron (Euphoriana ) sp. 3
Leiophron (Euphoriana ) sp. 4
Leiophron (Euphorus ) sp. 1
Leiophron (Euphorus ) sp. 6
Leiophron (Euphorus ) sp. 7
Leiophron (Euphorus/Leiophron ) sp. 5
Peristenus sp. 1
Peristenus sp. 2
Peristenus sp. 3
Peristenus sp. 4
Peristenus sp. 5
Aridelus sp. 1
Aridelus sp. 2
Aridelus sp. 3
Chrysopophthorus sp. 1
Chrysopophthorus sp. 2
Stenothremma sp.
Wesmaelia sp. 1
Wesmaelia sp. 2
Elasmosoma sp. 1
Elasmosoma sp. 2
Kollasmosoma sp.
Neoneurus sp.
Marshiella bobella
Microctonus sp. 1
Microctonus sp. 2
Microctonus sp. 3
Microctonus sp. 4
Microctonus sp. 5
Microctonus sp. 6
Microctonus sp. 7 nr. Myiocephalus
Microctonus sp. 8 nr. Myiocephalus
nr. Marshiella / Streblocera
Orionis examinus
Orionis sp. 1
Perilitus sp. 1
Perilitus sp. 2
Perilitus sp. 3
Perilitus sp. 4
Perilitus sp. 5
Proclithrophorus sp.
Streblocera (Asiastreblocera ) sp. 1
Streblocera (Eutanycera ) sp. 2
Streblocera (Lecythodella ) garleppi
Streblocera (Streblocera ) sp. 3
Mannokeraia sp. 1
Mannokeraia sp. 2
Mannokeraia sp. 4 Female
Mannokeraia sp. 4 Male
Planitorus sp.
Syntretus sp. 8 nr. Bracteodes
Syntretus sp. 9 nr. Syntretomorpha
Syntretus (Exosyntretus ) sp. 1
Syntretus (Falcosyntretus ) sp. 2
Syntretus (Falcosyntretus ) sp. 4
Syntretus (Parasyntretus ) sp. 5
Syntretus (Syntretellus ) sp. 6
Syntretus (Syntretellus ) sp. 7
Syntretus (Syntretus ) sp. 3

AB083
AB052
AB070
AB094
AB071
JS050
AB069
AB091
AB072
JS144
AB029
AB061
AB017
AB065
AB067
JS040

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
AJ307453
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
AJ302922
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

Russia
Colombia
Madagascar
Thailand
Colombia
Colombia
Colombia
Mexico
USA
South Africa
Madagascar
Kenya
USA
USA
Costa Rica
Colombia
GenBank
Thailand
Thailand
South Africa
Costa Rica
USA
Colombia
Thailand
Thailand
Uganda
USA
Madagascar
USA
USA
Colombia
USA
Madagascar
Costa Rica
USA
Colombia
Thailand
USA
Madagascar
France
USA
Spain
USA
Costa Rica
USA
USA
Kenya
USA
Costa Rica
Costa Rica
South Africa
Thailand
Thailand
Costa Rica
Thailand
Madagascar
Madagascar
Madagascar
Republic of Congo
Thailand
Thailand
Madagascar
Russia
Colombia
Russia
Australia
Australia
Australia
Australia
Australia
Thailand
USA
USA
Colombia
Colombia
Thailand
Madagascar
Madagascar
Colombia

Adult Coleoptera
Adult Coleoptera
Adult Coleoptera
Adult Coleoptera
Adult Coleoptera
Adult Coleoptera
Adult Coleoptera
Unknown
Adult Coleoptera
Adult Coleoptera
Adult Coleoptera
Adult Coleoptera
Adult Coleoptera
Unknown
Adult Coleoptera
Adult Coleoptera
Adult Coleoptera
Adult Coleoptera
Unknown
Adult Hemiptera
Adult Hemiptera
Adult Hemiptera
Adult Psocoptera
Adult Psocoptera
Adult Psocoptera
Adult Hemiptera
Adult Hemiptera
Adult Hemiptera
Adult Hemiptera
Adult Hemiptera
Adult Hemiptera
Adult Hemiptera
Adult Hemiptera
Adult Hemiptera
Adult Neuroptera
Adult Neuroptera
Unknown
Adult Hemiptera
Adult Hemiptera
Adult Hymenoptera
Adult Hymenoptera
Adult Hymenoptera
Adult Hymenoptera
Adult Coleoptera
Adult Coleoptera
Adult Coleoptera
Adult Coleoptera
Adult Coleoptera
Adult Coleoptera
Adult Coleoptera
Unknown
Unknown
Unknown
Unknown
Unknown
Adult Coleoptera
Adult Coleoptera
Adult Coleoptera
Adult Coleoptera
Adult Coleoptera
Unknown
Adult Coleoptera
Adult Coleoptera
Unknown
Adult Coleoptera
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Adult Hymenoptera
Adult Hymenoptera
Adult Hymenoptera
Adult Hymenoptera
Adult Hymenoptera
Unknown
Unknown
Adult Hymenoptera

Genus species

Morphology Collection locality

Groundplan host
association
Larval Lepidoptera

Tribe
Centistini
Centistini
Centistini
Centistini
Centistini
Centistini
Centistini
Cosmophorini
Cosmophorini
Cosmophorini
Cosmophorini
Cosmophorini
Cosmophorini
Cosmophorini
Cosmophorini
Cosmophorini
Cosmophorini
Cosmophorini
Cosmophorini
Euphorini
Euphorini
Euphorini
Euphorini
Euphorini
Euphorini
Euphorini
Euphorini
Euphorini
Euphorini
Euphorini
Euphorini
Helorimorphini
Helorimorphini
Helorimorphini
Helorimorphini
Helorimorphini
Helorimorphini
Helorimorphini
Helorimorphini
Neoneurini
Neoneurini
Neoneurini
Neoneurini
Perilitini
Perilitini
Perilitini
Perilitini
Perilitini
Perilitini
Perilitini
Perilitini
Perilitini
Perilitini
Perilitini
Perilitini
Perilitini
Perilitini
Perilitini
Perilitini
Perilitini
Perilitini
Perilitini
Perilitini
Perilitini
Perilitini
Planitorini
Planitorini
Planitorini
Planitorini
Planitorini
Syntretini
Syntretini
Syntretini
Syntretini
Syntretini
Syntretini
Syntretini
Syntretini
Syntretini

AB088
AB096
AB010
AB011
AB022
JS068
JS120
JS129
AB080
AB016
AB019
AB020
AB023
AB028
JS011
JS123
JS126
AB021
JS115
AB095
AB015
JS122
JS163
AB066
JS220
AB098
JS119
AB027
AB055
AB100
AB102
JS127
JS128
AB079
AB085
AB089
AB097
AB101
JS124
AB013
AB077
AB099
AB103
AB092
AB075
AB073
JS028
AB074
BJS100
BJS104
AB086
AB087
BJS101
AB090
AB082
AB030
JS070
JS111
AB084
AB076
JS125
JS076
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Table 3. Primer sequences and PCR conditions.
Gene region
Primer name
18S
Homer (forward)
Marge (reverse)
28S D1-2
28SD1F
28SD2R
28SD1shortF
28SD2shortR
28S D3-5
28SD3F
28SD5R

Primer sequence (5' to 3')
AAA TTA CCC ACT CCC GGC A
TGG TGA GGT TTC CCG TGT T
ACC CGC TGA ATT TAA GCA TAT
TTG GTC CGT GTT TCA AGA CGG G
GUG GUA AAC UCC AUC UAA G
ACA TGT TAG ACT CCT TGG TC
GAC CCG TCT TGA AAC ACG GA
CCC ACA GCG CCA GTT CTG CTT ACC

COI

CAA ATC ATA AAG ATA TTG G
GTA AAT ATA TAT GRT GDG CTC

Gene region
18S and 28S
CO1

cohym (forward)
outout (reverse)

Initial denaturation
Repeated denaturation
94°C/3 min.
94°C/30 sec.; 35 cycles
95°C/2.5 min.
95°C/15 sec.; 40 cycles

Anealing
52°C/30 sec.; 35 cycles
44°C/30 sec.; 40 cycles
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Extenstion
72°C/70 sec.; 35 cycles
68°C/45 sec.; 40 cycles

Final extension
72°C/7 min.
72°C/7 min.

Table 4. Analyses of data and group support values.
Method
Analysis no.
Molecular Data
Morpholgoy
Alignment
No. of characters
No. of taxa
MP tree length
MP CI
MP RI
Strict concensus length
Strict concensus CI
Strict concensus RI
Ln likelihood
generations

Parsimony
1
X
X
Secondary
structure
2730
94
5659
0.303
0.579
5722
0.3
0.572

Parsimony Parsimony Parsimony
2
X
X
MUSCLE
2681
94
5497
0.304
0.586
5531
0.302
0.583

3
X

4
X

Secondary
structure
2693
94
5406
0.309
0.574
5414
0.309
0.573

MUSCLE
2644
94
5232
0.31
0.583
5238
0.31
0.582

Standard deviation of
split frequency
Group support
Centistini
Cosmophorini
Euphorini
Helorimorphini
Meteorinae
Meteorini
Neoneurini
Perilitini
Planitorini
Syntretini
Euphorini +Perilitini
Neoneurini + Syntretini

Bootstrap
99
2
98
77
65
N/A
100
56
99
51
3
66

Bootstrap
99
N/A
99
46
N/A
80
100
27
97
52
0
60

Bootstrap
96
0
99
50
N/A
65
99
40
99
N/A
27
N/A

Bootstrap
95
N/A
98
N/A
N/A
75
100
21
98
N/A
N/A
N/A
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Bayesian

Bayesian

Bayesian

Bayesian

5
X
X
Secondary
structure
2730
94

6
X
X

7
X

8
X

MUSCLE
2681
94

Secondary
structure
2693
94

MUSCLE
2644
94

-30408.549
3,000,000

-29618.098
10,000,000

-29117.337
10,000,000

-28246.305
10,000,000

0.012376

0.030241

0.014563

0.118035

Posterior
probability
1.00
0.99
1.00
1.00
1.00
N/A
1.00
0.99
1.00
1.00
0.86
1.00

Posterior
probability
1.00
0.96
1.00
1.00
1.00
N/A
1.00
0.99
1.00
1.00
0.64
1.00

Posterior
probability
1.00
0.74
1.00
1.00
1.00
N/A
1.00
0.93
1.00
0.95
0.99
0.95

Posterior
probability
1.00
0.72
1.00
0.98
N/A
1.00
1.00
0.92
1.00
0.50
0.96
0.50

Table 5. Probable placement of taxa unable to be included in this study.

Subfamily

Tribe

Genus

Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Unplaced
Unplaced

Centistini
Centistini
Centistini
Centistini
Centistini
Centistini
Euphorini
Euphorini
Helorimorphini
Neoneurini
Neoneurini
Neoneurini
Perilitini
Perilitini
Perilitini
Perilitini
Syntretini
Syntretini
Tainitermini
Unplaced
Unplaced

Allurus
Asiacentistes
Centistoides
Litostolus
Pygostolus
Spathicopis
Holdawayella
Mama
Ussuraridelus
Euneoneurus
Parelasmosoma
Sinoneoneurus
Heia
Myiocephalus
Rilipertus
Microctonus (Townesilitus )
Syntretus (Sculptosyntretus )
Syntretus (Syntretoriana )
Tainiterma
Ecnomios
Korecnomios

Specimen examination Monotypic
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Non-type
Holotype
Holotype
Holotype
Holotype
Holotype
Holotype
Holotype
Non-type
Holotype
Holotype
Holotype
Holotype
Holotype
Holotype
Holotype
Original description
Holotype
Paratype
Non-type
Original description

No
No
Yes
Yes
No
Yes
No
Yes
Yes
Yes
No
No
Yes
No
No
No
Yes
Yes
No
No
Yes

Table 6. Order and family of Meteorinae and Euphorinae hosts (excluding Lepidoptera
and Diptera) with overlap in host associations between euphorine tribes and Meteorinae.
Hos t O verlap
Hos t
C oleoptera
Anthicidae
B iphyllidae
B rentidae
B upres tidae
C arabidae
C erambycidae
C hrys omelidae
C iidae
C occinellidae
C urculionidae
E rotylidae
Megalopodidae
Melandryidae
Nitidulidae
S taphylinidae
T enebrionidae
Neuroptera
C hrys opidae
Hemiptera
Acanthos omatidae
C icadellidae
L ygaeidae
Miridae
Nabidae
P entatomidae
P latas pidae
S cutelleridae
T ingidae
P s ocoptera
C aecilius idae
E lips ocidae
L aches illidae
Mes ops ocidae
P erips ocidae
P s ocidae
Hymenoptera
Apidae
C ephidae
D iprionidae
E umenidae
F ormicidae
Ichneumonidae
O rthoptera
E umas tacidae

C entis tini C os mophorini E uphorini Helorimorphini Meteorinae Neoneurini P erilitini S yntretini
X

X
X
X
X

X
X

X

X

X
X

X
X

X

X

X
X

X
X
X

X
X
X

X
X

X
X
X
X

X
X

X
X

X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
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Table 7. Host overlap for Meteorinae and tribes of Euphorinae that parasitize Coleoptera.

Hos t O verlap
Hos t
Anthicidae
Anthicidae s pp.
C arabidae
Amara s pp.
C erambycidae
C erambycidae s pp.
C hrys omellidae
C hrys omellidae s pp.
L ongitars us s pp.
Medythia s pp.
Medythia nigrobilineata
P hyllotreta s pp.
P hyllotreta nigripes
P hyllotreta undulata
P s ylliodes attenuata
T imarcha tenebricos a
C occinellidae
Adalia bipunctata
Adalia deficiens
C occinellidae s pp.
C oleomegilla maculata
Hippodamia convergens
P ropylaea quatuordecimpunctata
T ytthas pis s edecimpunctata
C urculionidae
Anthonomus pomorum
C eutorhynchus quadridens
C urculionidae s pp.
D endroctonus s pp.
Ips s pp.
Ips typographus
P ityogenes s pp.
P ityogenes calcographus
P ityokteines s pp.
P ityophthorus micrographus
R ynchaenus s pp.
S itona s pp.
S itona crinita
S itona dis coideus
S itona his pidua
S itona humeralis
S itona lineata
S intona s cis s ifrons
S itona s ulcifrons
Melandryidae
O rches ia micans
Nitidulidae
Nitidulidae s pp.
T enebrionidae
T enebrionidae s pp.

C entis tini C os mophorini E uphorini Meteorinae P erilitini
X

X

X

X

X

X

X
X

X

X

X

X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X

X

X

X
X
X
X
X
X

X

X
X
X
X
X
X
X
X
X
X

X

X
X
X

X

X
X
X

X
X
X

X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X

X

X

X
X

X
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X
X

X
X

X

X

X
X

X

Table 8. Taxonomy of Euphorinae and related groups according to Yu et al. (2004current) and the present study. Genera in bold text represent changes from previous
classification.
Yu et al. 2004-current
Subfamily
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Masoninae
Betylobraconinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Ecnomiinae
Ecnomiinae

Tribes
Centistini
Centistini
Centistini
Centistini
Centistini
Centistini
Centistini
Dinocampini
Dinocampini
Cosmophorini
Cryptoxilonini
Dinocampini
Perilitini
Euphorini
Dinocampini
Cosmophorini
Perilitini
Euphorini
Euphorini
Euphorini
Euphorini, Leiophron (Peristenus )
Helorimorphini
Euphorini
Euphorini
Helorimorphini
Euphorini
Meteorini
Meteorini
Neoneurini
Neoneurini
Neoneurini
Neoneurini
Neoneurini
Neoneurini
Perilitini
Perilitini
Perilitini, Perilitus (Microctonus )
Myiocephalini, Myiocephalus
Perilitini, Perilitus (Townesilitus )
Perilitini
Perilitini
Proclithrophorini
Perilitini
Perilitini
Perilitini, Streblocera garleppi
Mannokeraiini
Planitorini
Syntretini
Syntretini, Bracteodes
Syntretini, Syntretus
Syntretini, Sculptosyntretus
Syntretini, Syntretellus
Syntretini, Syntretomorpha
Syntretini, Syntretoriana
Tainitermini

Present study
Subfamily
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Meteorinae
Meteorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Euphorinae
Unplaced
Unplaced

Tribes
Centistini
Centistini
Centistini
Centistini
Centistini
Centistini
Centistini
Cosmophorini
Cosmophorini
Cosmophorini
Cosmophorini
Cosmophorini
Cosmophorini
Cosmophorini
Cosmophorini
Cosmophorini
Cosmophorini
Euphorini
Euphorini
Euphorini
Euphorini
Helorimorphini
Helorimorphini
Helorimorphini
Helorimorphini
Helorimorphini

Neoneurini
Neoneurini
Neoneurini
Neoneurini
Neoneurini
Neoneurini
Perilitini
Perilitini
Perilitini
Perilitini
Perilitini
Perilitini
Perilitini
Perilitini
Perilitini
Perilitini
Perilitini
Planitorini
Planitorini
Syntretini
Syntretini
Syntretini
Syntretini
Syntretini
Syntretini
Syntretini
Tainitermini
Unplaced
Unplaced
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Genera
Allurus
Asiacentistes
Centistes
Centistoides
Litostolus
Pygostolus
Spathicopis
Betelgeuse
Centistina
Cosmophorus
Cryptoxylos
Dinocampus
Ecciltura
Plynops
Ropalophorus
Sinuatophorus
Tuberidelus
Holdawayella
Leiophron
Mama
Peristenus
Aridelus
Chrysopophthorus
Stenothremma
Ussuraridelus
Wesmaelia
Meteorus
Zele
Elasmosoma
Euneoneurus
Kollasmosoma
Neoneurus
Parelasmosoma
Sinoneoneurus
Heia
Marshiella
Microctonus
Microctonus
Microctonus (Townesilitus )
Orionis
Perilitus
Proclithrophorus
Rilipertus
Streblocera
Streblocera (Lecythodella ) garleppi
Mannokeraia
Planitorus
Syntretus
Syntretus (Bracteodes )
Syntretus (Falcosyntretus )
Syntretus (Sculptosyntretus )
Syntretus (Syntretellus )
Syntretus (Syntretomorpha )
Syntretus (Syntretoriana )
Tainiterma
Ecnomios
Korecnomios

Morphobank folio ID
F71
F62, F71
F71
F71
F71
F63
F63
F63, F71
F63
F63
F63
F63
F63
F63, F71
F63, F71
F64
F64
F66
F66
F66, F71
F71
F66, F71
F69
F69, F71
F65, F71
F71
F65, F71
F65
F71
F71
F71
F70
F70
F70, F71
F71
F70, F71
F70
F70, F71
F71
F70, F71
F70, F71
F67
F67
F68
F68
F68
F68
F68
F71
F71

Figure 1. Representation of the results from Shaw 1985.
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Figure 2. Representation of results from –A Dowton et al. 1998; -B Belshaw et al. 2000;
-C Dowton et al. 2002; -D ‘euphoroid’ clade from Belshaw and Quicke 2002; -E Shi et
al. 2005; -F Pitz et al. 2007.
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Figure 3. Strict consensus of the results from analysis 1. Numbers above nodes are
standard bootstrap values.
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Figure 4. Strict consensus of the results from analysis 2. Numbers above nodes are
standard bootstrap values.
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Figure 5. Strict consensus of the results from analysis 3. Numbers above nodes are
standard bootstrap values.
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Figure 6. Strict consensus of the results from analysis 4. Numbers above nodes are
standard bootstrap values.
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Figure 7. Majority rule consensus of results from analysis 5. Numbers indicate posterior
probabilities of the preceding node.
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Figure 8. Majority rule consensus of results from analysis 6. Numbers indicate posterior
probabilities of the preceding node.
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Figure 9. Majority rule consensus of results from analysis 7. Numbers indicate posterior
probabilities of the preceding node.
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Figure 10. Majority rule consensus of results from analysis 8. Numbers indicate
posterior probabilities of the preceding node.
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Figure 11. Ancestral state reconstruction of host associations for analysis 1. Numbers
indicate posterior probabilities of the preceding node. Circled numbers point to nodes
discussed in text.
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Figure 12. Ancestral state reconstruction of host associations for analysis 6. Numbers
indicate posterior probabilities of the preceding node. Circled numbers point to nodes
discussed in text.
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Appendices:
Appendix I. Morphological data.
Character number
Pimpla aequalis
Leiophron (Euphoriana) sp.2
Leiophron (Euphoriana) sp.3
Perilitus sp.2
Wesmaelia sp.1
Peristenus sp.1
Dinocampus coccinellae
Peristenus sp.2
Peristenus sp.3
Chrysopophthorus sp.1
Leiophron (Euphoriana) sp.4
Peristenus sp.4
Microctonus sp.1
Peristenus sp.5
Cryptoxylos sp.1
Syntretus (Exosyntretus) sp.1
Meteorus sp.3
Cenocoelius ashmeadii
Zele sp.
Centistes (Ancylocentrus) sp.2
Microctonus sp.2
Cryptoxylos sp.2
Ecciltura sp.
Elasmosoma sp.2
Plynops hansoni
Centistes sp.6
Centistes (Centistes) sp.4
Centistes (Syrrhizus) sp.7
Centistina sp.
Streblocera (Eutanycera) sp.2
Streblocera (Streblocera) sp.3
Streblocera (Asiastreblocera) sp.1
Syntretus (Syntretellus) sp.6
Perilitus sp.3
Microctonus sp.7 nr. Myiocephalus
Leiophron (Euphorus/Leiophron) sp.5
Syntretus sp.9 nr. Syntretomorpha
Centistes (Ancylocentrus) sp.1
Syntretus (Parasyntretus) sp.5
Microctonus sp.8 nr. Myiocephalus
Mannokeraia sp.4 Female
Mannokeraia sp.4 Male
Sinuatophorus sp.
nr. Marshiella/Streblocera
Syntretus sp.8 nr. Bracteodes
Betelgeuse sp.
Proclithrophorus sp.
Centistes (Chaetocentistes) sp.5
Stenothremma sp.
Tuberidelus flavicephalus
Orionis examinus
Neoneurus sp.
Perilitus sp.4
Microctonus sp.3
Orionis sp.1
Microctonus sp.4
Perilitus sp.5
Aridelus sp.1
Meteorus sp.5
Streblocera (Lecythodella) garleppi
Plynops sp.1
Centistes sp.3
Leiophron (Euphorus) sp.1
Syntretus (Falcosyntretus) sp.2
Syntretus (Syntretus) sp.3
Syntretus (Falcosyntretus) sp.4
Chrysopophthorus sp.2
Marshiella bobella
Leiophron (Euphorus) sp.6
Wesmaelia sp.2
Aridelus sp.2
Perilitus sp.1
Syntretus (Syntretellus) sp.7
Aridelus sp.3
Microctonus sp.5
Microctonus sp.6
Leiophron (Euphorus) sp.7
Cosmophorus sp.
Elasmosoma sp.1
Ropalophorus sp.
Macrocentrus sp.
Orgilus sp.
Stantonia sp.
Charmon sp.
Homolobus sp.
Lymeon orbus
Kollasmosoma sp.
Wroughtonia sp.1
Diospilus sp.2
Mannokeraia sp.1
Planitorus sp.
Mannokeraia sp.2
Meteorus sp.1
Meteorus sp.2

1
2
3
1234567890123456789012345678901234567
2112111221221212122222?22221321112211
2112211221222211212221222221322232211
2112211221222211112111?222213221211?1
2112211121123212212221222222221132211
11112121212232?1212221222222222222111
2112211221123211212221222221311132111
21123111312232122122212222223211322??
21122122211232?121222122222131?132?11
2112212221?232?1212221222221311132111
211221112222322122222122222222212?111
11122112212222?1112111?2222???1122111
21122112211232112122212222213?1132211
2??2?11?21223212112221?22221321132211
211221122112321121222122222???1132111
111231112???32?2112111?????????????1?
2222212?21211211112221?11122321122111
2212211?21223212222221222221311132111
1211112121223212222222222221321122211
1212211221223212222221222222221132111
211221122122321121222122222??21121222
2112211121223212112221?22222221132111
1112311121123212112111?111123211211??
?11?311111223212112221?2222132113221?
2115421221221111111211221121321112221
11123111212232122112112111123211211?1
211221122122121121222112222??21121122
2112211221221211212221122221321121122
2112211221221211112221?2222??21121122
2112311131223212212221222222321132211
2112211111223212112221?22222221122111
1112211111223212112221?22222221122111
1112211111223212112221?2222?221122111
2?22212121211211112221?11122221122111
2111211221123212212221222222221132211
2112211121223212112221?22222221132111
211221122122321121222122112???1132111
2222212121221211111221?11112221132111
2112211221223211212221122221321121122
2222211121212211112221?1111?2?1132111
2112211121223212112221?22222221132112
2211211121223212222221222222221122111
2212211221223212222221222222221122121
?1134?2221221212111221?111113211322??
1112211111223212112221?22222?21122111
22222??121223211112221?21112221221111
?112?1111112?212112221?22222321132211
?1122?1221223212112221?22222221132211
2112211221221211212221222221321121122
2112211121123222212221222222221122211
111331122112?212112221?1111232113211?
2111211121223212212221222222221132211
2115421221221111112211222221321132211
2112211121123212212221222222221132211
2111211121223212112221?22222221132111
2111211121223212212221222222221132211
2112211121223212112221?22222221132111
2112211121123212212221222222221132111
111221212212?222222221122222222?23111
2112211221223212222221222222221132211
2112211111223212112221?22222221122111
?112311121223212211211211112321121111
2112211221221211112221?22221321121122
211221122122321121211122112???2122111
2222211121221211112221?21222221122111
2222211121221211112221?21122221122111
2222211121221211112221?21122221122111
2112211122123221222221222222221122111
2112211131223212112221?22222221132211
2112211221222211112111?2112??2???????
11112121211232222122212222222211???11
111221212112?222222221122222222221111
2112211121123212212221222222221132111
2?22211121211211112221?11122221122111
111221212212?22222222112222???2?23111
2111211121223212112221?22222221132211
2112211121223212112221?22222221132211
211?2112212222112121111211213211212?1
2113411221221?12111211?1111?321?????1
2115421221221112212211222221321132222
2112311231223?1221222122222???113211?
2211111222223212222222122221321132211
121?21122?2132122?2222122221321132211
21112112222232122?222212222132113221?
1111111222223212212222122221321132211
1111111222223212222222122221321132211
1112111221211212122222?22222221112211
211532122112111111111112111???11???11
2112122221223212222222222211321112211
221??11221223212222222122211321122222
2212211221223212222221222222321132111
1211211221222212232221222221321132111
?????????????????????????????????????
?111211221223212222221222222221132211
2211211221123212222221122222221132211
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Appendix II. Morphological characters and character states.
1. malar suture
1. absent
2. present
2. tarsal claw
1. not curved toward basal lobe
2. curved toward basal lobe
3. tarsal claw
1. simple
2. bifid
4. maxillary palpi
1. 6-segmented
2. 5-segmented
3. 4-segmented
4. 3-segmented
5. 2-segmented
5. labial palpi
1. 4-segmented
2. 3-segmented
3. 2-segmented
4. 1-segment
6. ratio of medial height of exposed portion of labrum to medial height of
clypeus
1. 1/3 or less
2. 2/3 or more
7. median frontal carina
1. absent
2. present
8. antenna
1. with corona of 5-6 long setae, each setae nearly as long as flagellum
width
2. without a corona of long setae
9. length of scape
1. 5x scape width or greater
2. 2.5x scape width or less
3. 3x - 4x scape width
10. apical flagellomere shape
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1. apical flagellomere without spine at apex
2. apical flagellomere with spine at apex
11. transcutal articulation
1. complete across mesonotum
2. incomplete, not present on lateral edges of mesonotum
12. scutellar sulcus
1. with carina at anteriolateral sides going toward fore wing
2. without carina at anteriolateral sides going toward fore wing
13. notauli
1. absent
2. present only anteriorly, not joining posteriorly
3. complete, meeting posteriorly
14. epicnemial carina
1. absent
2. present
15. inner apex of hind tibia
1. without setal comb
2. with setal comb present
16. fore wing M+Cu
1. absent, or mostly absent
2. complete, or mostly complete
17. fore wing (RS+M)a
1. absent, or mostly absent
2. complete, or mostly complete
18. fore wing r-m crossvein
1. absent
2. more than half present
3. less than half present
19. fore wing RS
1. absent or incomplete
2. complete to wing margin
20. fore wing 1CU
1. absent
2. present
21. fore wing 1m-cu
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1. absent
2. present
22. fore wing 2cu-a crossvein
1. absent
2. present
23. fore wing 1RS
1. absent
2. present
24. hind wing SC+R vein
1. absent
2. present
25. hind wing vein 1A
1. absent, or mostly absent - less than half
2. present
26. hind wing cu-a
1. absent as a tubular vein or only present as a stub
2. present and tubular
27. hind wing R1a
1. absent as a tubular vein to wing margin
2. present as a tubular vein to wing margin
28. length:width ratio of metasomal basal sclerite
1. 0.5 - 1.5x
2. 2x or greater
29. basal sclerite
1. fused with tergum
2. seperate from tergum
30. petiole tergum
1. lateral edges of petiole tergum fused together ventrally
2. lateral edges of petiole tergum not fused together
31. length of tergite 2+3
1. less than 3/4 length of abdomen beyond petiole, excluding
ovipositor
2. nearly as long as abdomen beyond petiole, excluding ovipositor
32. tergite 2+3
1. not overlapping ventrally
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2. ventrally overlapping
33. tergite 2+3
1. lateral suture on tergite 2+3 present (dividing into median and
laterotergites)
2. lateral suture on tergite 2+3 absent
3. lateral suture present on tergite 2, but absent or incomplete on
tergite 3
34. longitudinal suture between laterotergites 2+3
1. absent
2. present
3. present ventrally, but incompletely dividing laterotergite 2+3
35. dorsal suture between tergites 2+3
1. absent
2. present
36. ventral proctigeral sclerite
1. not reduced in size
2. reduced to a thin line
37. cerci
1. normal, freely movable
2. squashed into button-like shape, immobile
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